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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED ae oe 


SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. As 
used herein: 


1. Life support devices or systems are those which (a) are 2. Acritical component is any component of a life support 
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason- 
or sustain life, and whose failure to perform, when prop- ably be expected to cause the failure of the life support 
erly used in accordance with instructions for use pro- device or system, or to affect its safety or effectiveness. 


vided with the product, can be reasonably expected to 
result in significant injury to the user. 
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INTRODUCTION 


According to market research company Dataquest, SGS-THOMSON Microelectronics is the 
world’s leading supplier of dedicated integrated ciruits for Telecom applications. This leading 
position is due in large measure to the company’s strength in network applications, such as 
central office and PABX line cards, analog & digital trunks and ISDN. 


Thanks to long experience and a global customer portfolio, today SGS-THOMSON can offer 
solutions to suit a very wide variety of application needs, satisfying international and local 
standards, plus the specific needs of telecom markets throughout the world. This broad port- 
folio also includes solutions that provide alternative trade-offs between performance and 
price, and choices in the approach to system partitioning. 


Underlying these products is the solid base of leading edge technologies, fruit of years of in- 
tensive investment in research and development. In CMOS technology SGS-THOMSON’s 
submicron 8" capability is comparable with the leading edge technology of the industry, while 
in mixed bipolar-CMOS and bipolar-CMOS- DMOS the company is unmatched. 


To simplify system design, SGS-THOMSON offers comprehensive application support, in- 
cluding evaluation boards, software, on-line assistance, courses and detailed technical docu- 
mentation. 


All of this reflects the importance that SGS-THOMSON Microelectronics attaches to the 
telecom market, a committment that guarantees continued support at the highest levels of- 
fered in the industry, and continued leadership of this key market. 


In addition to dedicated products, specially designed for telecom network application, 
SGS-THOMSON Microelectronics manufactures many general purpose discrete semicon- 
ductors, integrated circuits and modules which are useful in this field. Datasheets for these 
products are included in this book. 
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Type 
Number 


1.5KE Series 
BZW04 Series 
BZW50 Series 
DA108S1 
ETC5054/7(-X) 
ETC5064/7(-X) 
GS1T70-D540 
GS1T70-D540F 
GS2T48-D12 
GS4T48-5 
GS5T48-5 
GS5T48-12 
GS5T48-15 
GS15T48-5 
GS24T48-12 
GS25T48-5 
GS30T48-5 
GS30T48-12 
GS30T48-15 
GS100T300-48 
GS120T48-3.3 
GS175T48-5 
GS175T48-12 
GS175T48-15 
GS300T48-5 
GS-R4840N 
GS-R4840NV 
L3030/L3000N 
L3035/L3036 
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Pp = 1500W 
Pp = 400W 


Uni and Bidirectional Transils 
Uni and Bidirectional Transils 
Uni and Bidirectional Transils 
Diode Array 

Serial Interface Codec/Filter 
Serial Interface Codec/Filter with Receive Power Amplifier 
DC-DC Converter For ISDN Applications 

DC-DC Converter For ISDN Applications 

DC-DC Converter For Telecom Applications 

DC-DC Converter For Telecom Applications 

DC-DC Converter For Telecom Applications 

DC-DC Converter For Telecom Applications 

DC-DC Converter For Telecom Applications 

DC-DC Converter For Telecom Applications 

DC-DC Converter For Telecom Applications 

DC-DC Converter For Telecom Applications 

DC-DC Converter For Telecom Applications 

DC-DC Converter For Telecom Applications 

DC-DC Converter For Telecom Applications 

High Input Voltage DC-DC Converter For Industrial Applications 
DC-DC Converter For Telecom Applications 

DC-DC Converter For Telecom Applications 

DC-DC Converter For Telecom Applications 

DC-DC Converter For Telecom Applications 

DC-DC Converter For Telecom Applications 

40 V/i A Negative Output Switching Voltage Regulator 


-22 to -60 V/0.6 A Digitally Prog. Output Switch. Voltage Regulator 


Subscriber Line Interface Circuit 


Subscriber Line Interface Circuit 


KY7 BhSon omen 


Page 
Number 
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Type 
Number 


L3037 Subscriber Line Interface Circuit 


L3092/L3000N Slic Kit Optimized for Applications with Both First and Second 
Generation Combos 


L3234/L3235 Highly Integrated Slic Kit Targeted to Pabx and Key System 
Applications 


L3845 Trunk Interface 

L3100B/B1 Unidirectional Programmable Suppressor 
L3121B Dual Asymmetrical Programmable Suppressor 
LOP150S Dual Asymmetrical Programmable Suppressor 
LOP1511/12 Dual Asymmetrical Programmable Suppressor 
LS204 High Performance Dual Bipolar Op-Amps 
LS404 High Performance Quad Bipolar Op-Amps 
LS5018B Bidirectional Trisil 

LS5060B Bidirectional Trisil 

LS5120B Bidirectional Trisil 

M3488 256 x 256 Digital Switching Matrix 


M3493 CMOS 12 x 8 Crosspoint with Control Memory 
M3494 CMOS 12 x 8 Crosspoint with Control Memory 
M5913 Combined Single Chip PCM Codec and Filter 
M34116 PCM Conference Call and Tone Generation Circuit 


P6KE Series Uni and Bidirectional Transils 

9SA100-230/300 Trisil Surge Arrestors Ipp = 100A 
SM4T Series Uni and Bidirectional Surface Mount Transils ....Pp=400W 
SMET Series Uni and Bidirectional Surface Mount Transils ....Pp=600W 
SM15T Series Uni and Bidirectional Surface Mount Transils ....Pp=1500W 
SMA100 Series Surface Mount Surge Arrestors 

SMTHBT200 Dual Symmetrical Surface Mount Trisil 

SMTPA Series Surface Mount Trisils 

SMTPB Series Surface Mount Trisils 

915410 2B1Q U Interface Device 
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Type 
Number 


ST5421 
STLC3040/L3000N 
STLC5048 
STLC5411 
STLC5432 
STLC5444 
STLC5460 
STU2071 
THBT200S 
THDT51/65 
THDT58S 

TPA Series 

TPB Series 
TPB200S/245S/265S 
TPI80xxN/120xxN 
TS3V339 
TS3V393 
TS3V555 
TS3V556 
TS3V902 
TS3V912 
TS3V3702 
TS3V3704 
TS5070/5071 
TSH150 

TSH151 

TSH321 

TSIxxxB5 
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SID-GCI: S/T Interface Device with GCI 

Third Generation Subscriber Line Interface 
Programmable Four Channel Codec and Filter 
2B1Q U Interface Device 

2Mbit Cept & Primary Rate Controller Device 
Quad Feeder Power Supply 

Line Card Interface Controller 

4B3T U Interface Circuit 

Dual Symmetrical Trisil 

Dual Symmetrical Trisils 


Dual Symmetrical Trisil 


Symmetrical Trisils 


Symmetrical Trisils 

Trisil Surge Arrestors 

Trisil Tribalanced Protectors for ISDN 

3V Micropower Quad Voltage Comparators 

3V Micropower Dual Voltage Comparators 

3V Low Power Single Timers 

3V Low Power Dual Timers 

Input/Output Rail to Rail Dual Op-Amps 
Input/Output Rail to Rail Dual Op-Amps 

3V Micropower Dual Voltage Comparators 

3V Micropower Quad Voltage Comparators 
Programmable Codec/Filter Combo 2nd Generation 
150MHz Bandwidth Bipolar Inputs Single Op-Amps 
150MHz Bandwidth MOS Inputs Single Op-Amps 
300MHz Bandwidth MOS Inputs Single Op-Amps 


Telephone Set Interface Protectors 
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APPLICATION NOTES 


App. Note eT Page 


TS5070/TS5071 Combo II Programming and Hybrid Balancing 
with Solid-State SLICs 


Pabx Big Cost Reduction and Performance Improvement are 
Obtained with a new Slic Chip Set 


L3845 for Pabx and Modem Line Interface Applications 


L3035 - L 3036 - L 3037 Monochip SLICs 

Slic LZOO0O0N/L3092 Maximum Loop Resistance Analysis 

Slic L300N/L3092 Performance Analysis with -24V Battery .. . 
SGS-THOMSON Slic Kit AC Models 

SGS-THOMSON Slic Kits and Combo II 

L3000N/L30XX SLICs Protection Circuits 

M3488 Digital Switching Matrix 

Protection Concepts in Telecommunications Equipment 

Voltage to Current Waveform Conversion 

Protection Standards Applicable to Terminals 

Protection Schematics for Telephone Sets 

Protection Standards Applicable to Switching Equipment .... 
Protection Schematics for Switching Systems 

ISDN Interface Protection 

SGS-THOMSON Systems for Rechargeable Batteries 

L3235 with External Ringing 


Support Tools List 


mote Page 


PRCD Demonstration Board 949 


Pair-Gain Demonstration System 951 
Networks Demonstration Board 953 
Slic Evaluation Kit 955 
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SELECTION GUIDE 


DEDICATED ICs 
COMBINED FILTER AND CODEC 


a 


ETC5054/7(-X) Serial Interface Codec/Filter DIP16 / SO16 / PLCC20 
- ) i 


ETC5064/7(-X Serial Interface Codec/Filter with Receive Power DIP20 / PLCC20 / SO20 
Amplifier 


M5913 Combined Single Chip PCM Codec and Filter DIP20 


STLC5048 Programmable Four Channel Codec and Filter PQFP44 
TS5070/5071 Programmable Codec/Filter Combo 2nd Generation | DIP20/PLCC28 


= 
L3000N/L3030 Subscriber Line Interface Circuit PLCOC44 / FLEXIWATT15 
PowerSO20 
L3000N/L3092 SLIC Kit Optimized for applications with both First DIP28 / PLCC28 
and Second Generation COMBOS PowerSO20 / FLEXIWATT15 


L3000N/STLC3040 Third Generation Subscriber Line Interface PLCC44 / PowerSO20 


L3234/L3235 Highly Integrated SLIC Kit Targeted to PABX and key | HEPTAWATT / PLCC28 
System Applications 


L3035/L3036 Subscriber Line Interface Circuit PLCC44 / PQFP44 
L3037 Subscriber Line Interface Circuit PLCC44 / PQFP44 


oi 


2Mbit CEPT & Primary Rate Controller Device 


. rare Page 


i i 


STLC5432 2Mbit CEPT & Primary Rate Controller Device PQFP44 
STLC5460 Line Card Interface Controller DIP40 / PLCC44 
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SPECIAL OP-AMPs and COMPARATORS 

Sib 
High Performance Dual Bipolar Op-Amps DIP8 / SO8 / TO99 

High Performance Quad Bipolar Op-Amps DIP14/S014 
TSH150 150MHz Bandwidth Bipolar Inputs Single Op-Amps_ | DIP8/SO8 
TSH151 150MHz Bandwidth MOS Inputs Single Op-Amps DIP8 / SO8 


TSH321 300MHz Bandwidth MOS Inputs Single Op-Amps 
TS3V339 3V Micropower Quad Voltage Comparators DIP14/S0O14 


TS3V3702 3V Micropower Dual Voltage Comparators DIP8 / SO8 
TS3V3704 3V Micropower Quad Voltage Comparators DIP14/S014 
TS3V555 DIPa/S08 


TS3V556 3V Low Power Dual Timers DIP14 / S014 
TS3V902 Input/Output Rail to Rail Dual Op-Amps DIP14/ S014 
TS3V912 Input/Output Rail to Rail Dual Op-Amps DIP8 /SO8 


PROTECTION DEVICES 
TRISIL 


via) ven 


MONO FUNCTION 
100/8-20 ps 62 to 270 TPA Series F126 
150/8-20 us 62 to 270 TPB Series CB429 
250/8-20 Ls 17 to 120 LS5018B/LS5060B/LS5120B,B1 MINIDIP 
75/10-1000 pts 200 SMTHBT200 SOD15 


DUAL FUNCTION 
150/8-20 ps 200 THBT200S SIP3 
150/8-20 Ls 58 THDT58S SIP3 
30/10-1000 Ls 51 to 65 THDT51/65 S08 / DIL8 


TRIGGERED FUNCTION UNIDIRECTIONAL 


TRIGGERED FUNCTION BIDIRECTION 


: 
3 
i 


250/8-20 is 100 L3121B SIP4 
30/10-1000 us Programmable | LCP1511/12 SO8 / DIL8 
50/10-1000 jus Programmable | LCP150S SIP4 a 

PRIMARY PROTECTION* 
100/10-1000 ps 200 to 265 SA100 Series Button Cell 
100/10-1000 ps 200 to 265 SMA100 Series SOD15 
100/10-1000 ps 200 to 265 TPB200S/245S/265S CB429 
TRISIL+BRIDGE RECTIFIER* 
* New 
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PROTECTION DEVICES (cont'd) 


PROTECTION OF ISDN LINES* 


30/10-1000 Ls 80 to 120 TPI80xxN/TPI120xxN S08 / DIL8 623 
12/8-20 Ls 18 DA108S1 S08 489 


SURFACE MOUNT TRANSIL 


400/1 ms 5.8 to 188 SM4T...,A = 
5.8 to 188 SM4T...C,A 


600/1 ms 9.8 to 188 SM6T...,A = 
5.8 to 188 = SM6T...C,A 

1500/1 ms 5.8 to 188 SMI15T..., A - 
5.8 to 188 - SMI15T...C, A 


SURFACE MOUNT TRISIL* 


50/100-1000 ts - 62 to 270 SMTPA Series SOD6 
90/10-1000 pis 62 to 270 SMTPB Series SOD15 O77 


* 


New 


TRANSIL 


400/1 ms 5.8 to 376 BZW04../BZWO4P.. BZW04..B/BZWO4P..B 
600/1 ms 5.8 to 376 P6KE.. PA P6KE..CP, CA 

1500/1 ms 5.8 to 376 1.5KE...P,A 1.5KE...CP, CA 
5000/1 ms 10 to 180 BZW50... BZW50...B 


ky SEScteNone 


15 


SELECTION GUIDE 


DC /DC CONVERTERS 


TELECOM (48 Vpc INPUT) 


Single Output Input Voltage Dimensions 
Type (W) Range (Vpc) Volt/mA(A) | Le WeH(mm) | Number 
GSETAES 
GSST#B-15 

60 

e 

° 


GS24T48-12 
GS25T48-5 
GS30T48-5 
GS30T48-12 
GS30T48-15 
GS120T48-3.3 
GS175T48-5 
GS175T48-12 
GS175T48-15 
GS300T48-5 
Double Output 
Type 
GS2T48-D12 


t- ] 
36 to 72 5/5000 116 e 65 e 21.1 
36 to 72 12/2500 116 e 65 e 21.1 
® < 


ace 
ee 
a 
78 
5 
[s61072 | __ 1272000 ['s0.8es080125 | 747 
78 
785 
78 
[361072 | 1872000 | Heesse ats | 78 

[765 


38 to 60 3.35/35A 125 666.5019 


g 
737 
739 
741 
743 
745 
747 
749 
753 
749 
749 
765 

65 


° ‘ 
38 to 60 5.075/35A 125 e66.5¢ 19 
38 to 60 12/15A 125 0 66.5e19 
38 to 60 15/12A 125 © 66.5619 
38 to 60 5.075/60A 125 © 66.56 20 
Page 
35 


15 
24 
25 
30 
30 
30 
120 
175 
175 
175 
300 


Output Power | Input Voltage Output Dimensions 
(W) Range (Vpc) Volt /mA LeWeH(mm) | Number 


2 38 to 60 + 12/100 50 0 380 19 


ISDN 


Output Power | Input Voltage Output Dimensions Page 
Type Number (W) Range (Vpc) Volt/mA | LeWeH(mm) | Number 
GS1T70-D540 25 to 99 5/2 to 90 50.8 50.8 « 18 
40/ 10.5 
GS1T70-D540F 1 25 to 115 5/2 to 90 56 05618 731 
40/10.5 


HIGH INPUT VOLTAGE (UL AND TUV APPROVED) 


Type Number | Output Power | Input Voltage Output Dimensions Page 
(W) Range (Vpc) Volt (")/A LeWeH(mm) | Number 
GS100T300-48 200 to 400 48.0/2.0 50.8 © 101.6 © 20 


(*) Output voltage can be adjusted from about 1/2 Vout to 1.1 Vout. See data sheet for more details 


SWITCHING VOLTAGE REGULATORS 


a Age Dimensions Page 
eee Le WH (mm) 
GS-R4840N 40V / 1 ANegative Output Regulator 85.5 e 67.0 ¢ 21.3 
GS-R4840NV Digital Adjust. 0.6 A/ -22 to -60V Negative Output Regulator 
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SGS-THOMSON 
MICROELECTRONICS 


ETC5054/54-X 
ETC5057/57-X 


SERIAL INTERFACE CODEC/FILTER 


e COMPLETE CODEC AND FILTERING SYS- 
TEM (DEVICE) INCLUDING: 
— Transmit high-pass and low-pass filtering. 
— Receive low-pass filter with sin x/x correction. 
— Active RC noise filters 
— u-law or A-law compatible COder and DECoder. 
— Internal precision voltage reference. 
— Serial I/O interface. 
— Internal auto-zero circuitry. 

n A-LAW 16 PINS (ETC5057EFN, 20 PINS) 

no U-LAW WITHOUT SIGNALING, 16 PINS 
(ETC5054FN, 20 PINS) 

e MEETS OR EXCEEDS ALL D3/D4 AND 
CCITT SPECIFICATIONS 

+5V OPERATION 

LOW OPERATING POWER - TYPICALLY 60 
mW 

» POWER-DOWN STANDBY MODE - TYPI- 
CALLY 3 mW 

s AUTOMATIC POWER-DOWN 

x TTL OR CMOS COMPATIBLE DIGITAL IN- 
TERFACES 

» MAXIMIZES LINE INTERFACE CARD CIR- 
CUIT DENSITY 

m 0 to 70°C OPERATION: ETC5057/54 

m —40 to +85°C OPERATION: ETC5057-X/54-X 


DESCRIPTION 


The ETC5057/ETC5054 family consists of A-law 
and p-law monolithic PCM CODEC‘/ilters utilizing 
the A/D and D/A conversion architecture shown in 
the block diagram below, and a serial PCM inter- 
face. The devices are fabricated using double- 
poly CMOS process. The encode portion of each 
device consists of an input gain adjust amplifier, 
an active RC pre-filter which eliminates very high 
frequency noise prior to entering a switched-ca- 
pacitor band-pass filter that rejects signals below 
200 Hz and above 3400 Hz. Also included are 
auto-zero circuitry and a companding coder which 
samples the filtered signal and encodes it in the 
companded A-law or u-law PCM format. The de- 
code portion of each device consists of an ex- 
panding decoder, which’ reconstructs the analog 
signal from the companded A-law or u—law code, 
a low-pass filter which corrects for the sin x/x re- 
sponse of the decoder output and rejects signals 
above 3400 Hz and is followed by a single-ended 
power amplifier capable of driving low impedance 


November 1994 


DIP 16 (Plastic) 
ORDERING NUMBERS: 
ETC5057N 
ETC5054N 
ETC5057N-X 
ETC5054N-X 


S016 (Wide) 
ORDERING NUMBERS: 
ETC5057D 
ETC5054D 
ETC5057D-X 
ETC5054D-X 


PLCC20 
ORDERING NUMBERS: 
ETC5057FN 
ETCS054FN 
ETC5057FN-X 
ETC5054FN-X 


loads. The devices require 1.536 MHz, 1.544 
MHz, or 2.048 MHz transmit and receive master 
clocks, which may be asynchronous, transmit and 
receive bit clocks which may vary from 64 kHz to 
2.048 MHz, and transmit and receive frame sync 
pulses. The timing of the frame sync pulses and 
PCM data is compatible with both industry stand- 
ard formats. 
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ETC5054 - ETC5054-X - ETC5057 - ETC5057-X 


PIN CONNECTIONS (Top view) 


|] UFKIGe) 
|| UFRIC-3 


nN 
w 


UCC 
FSR 


DR BULKR/CLKSEL | | 8 
BCLKR/CLKSEL 
MCLKR/PDN 


13 
Ld 
u 
MOIETCSO5 4-81 = 


MCLKR/PON |] 


MAGE TCSAS4FN-BI 


DIP and SO 


BLOCK DIAGRAM 


AUTO-ZERO 
LOGIC 
SUITCHED 
CAPACITOR 
ANaLuG IN BAND-PASS 


FILTER 


A/D 
» CONTROL 
LOGIC 


VOLTAGE 
REFERENCE 


RO ACTIVE SWITCHED 


CAPACITOR 
FILTER AND) ny Dass 


POWER AMP FILTER 


TIMING 
AND 


e@ 
YCC VBB GNDA MCLKX MCLKR/Y BCLKX BCLKR/ FSR FSX 
N9ZETOCSES4FEN-872 PDN CLKSEL 
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ETC5054 - ETC5054-X - ETC5057 - ETC5057-X 


PIN DESCRIPTION 


Pin | N° | N° 
Type pa PLOC Function Description 
SO | (**) 
pe eee es Negative Vag=-5Vt5%. 
Power Suppl! 


GNDA 2 Analog Ground All signals are referenced to this pin. 


VFRO 3 3 Receive Filter Analog Output of the Receive Filter 
Output 
Voc S 4 5 Positive Power Voc=+5Vt5%. 
Supply 


FSR 5 Receive Frame Enables BCLKr to shift PCM data into Dr. FSr is an 
Sync Pulse 8kHz pulse train. See figures 1, 2 and 3 for timing 
details. 


7 Receive Data PCM data is shifted into Dr following the FSR leading 
Input edge. 


BCLKr/CLKSEL ayy Shift-in Clock 
MCLKpr/PDN 
down. 


1 
MCLK x 12 | Transmit Master Clock | Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. May be 
asynchronous with MCLKr. 
BCLKx 10 | 14 Shift-out Clock Shifts out the PCM data on DX. May vary from 64 kHz 
to 2.048 MHz, but must be synchronous with MCLKx. 
Dx 11 15 Transmit The TRI-STATE® PCM data output which is enabled 
Data Output by FSx. 
FSx 12 | 16 Transmit Frame Enables BCLKx to shift out the PCM data on Dx. FSx is 
Sync Pulse an 8 kHz pulse train. See figures 1, 2 and 3 for timing 
details. 
TSx 13 | 17 Transmit Time Slot Open drain output which pulses low during the encoder 
time slot. Recommended to be grounded if not used. 
GSx 14 | 18 Gain Set Analog output of the transmit input amplifier. Used to 
set gain externally. 
Pee ee Inverting Amplifier Inverting Input of the Transmit Input Amplifier. 
Input 
Pee ee ee Non-inverting Amplifier | Non-inverting Input of the Transmit Input Amplifier. 
Input 


(*) I: Input, O: Output, S: Power Supply 
(**) Pins 4,10,11 and 13 are not connected 
TRI-STATE® is a trademark of National Semiconductor Corp. 


Shifts data into Dr after the FSr leading edge. May 
vary from 64 kHz to 2.048 MHz. Alternatively, may be 
a logic input which selects either 1.536 MHz/1.544 
MHz or 2.048 MHz for master clock in synchronous 
mode and BCLkx is used for both transmit and receive 
directions (see table 1). This input has an internal pull- 
up. 
Receive Master Clock | Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. May be 
asynchronous’ with MCLKx, but should be 
synchronous with MCLKx for best performance. When 
MCLKr is connected continuously low, MCLKx is 
selected for all internal timing. When MCLKr is 
connected continuously high, the device is powered 
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ETC5054 - ETC5054-X - ETC5057 - ETC5057-X 


FUNCTIONAL DESCRIPTION 
POWER-UP 


When power is first applied, power-on reset Cir- 
cuitry initializes the device and places it into 
the power-down mode. All non-essential circuits 
are deactivated and the Dx and VFrRO outputs are 
put in high impedance states. To power-up the 
device, a logical low level or clock must be ap- 
plied to the MCLKr/PDN pin and FSx and/or FSr 
pulses must be present. Thus, 2 power-down 
contro! modes are available. The first is to pull the 
MCLKr/PDN pin high ; the alternative is to hold 
both FSx and FSrp inputs continuously low. The 
device will power-down approximately 2 ms after 
the last FSx or FSr pulse. Power-up will occur on 
the first FSx or FSr pulse. The TRI-STATE PCM 
data output, Dx, will remain in the high impedance 
state until the second FSx pulse. 


SYNCHRONOUS OPERATION 


For synchronous operation, the same master 
clock and bit clock should be used for both the 
transmit and receive directions. In this mode, a 
clock must be applied to MCLKx and the 
MCLKr/PDN pin can be used as a power-down 
control. A low level on MCLKr/PDN powers up 
the device and a high level powers down the de- 
vice. In either case, MCLKx will be selected as 
the master clock for both the transmit and receive 
circuits. A bit clock must also be applied to BOLKx 
and the BCLKr/CKSEL can be used to select the 
proper internal divider for a master clock of 1.536 
MHz, 1.544 MHz or 2.048 MHz. For 1.544 MHz 
operation, the device automatically compensates 
for the 193rd clock pulse each frame. With a fixed 
level on the BCLKR/CLKSEL pin, BCLKx will be 
selected as the bit clock for both the transmit and 
receive directions. Table 1 indicates the frequen- 
cies of operation which can be selected, depend- 
ing on the state of BCLKr/CLKSEL. In this syn- 
chronous mode, the bit clock, BCLKx, may be 
from 64 kHz to 2.048 MHz, but must be synchro- 
nous with MCLKx. 


Each FSx pulse begins the encoding cycle and 
the PCM data from the previous encode cycle is 
shifted out of the enabled Dx output on the posi- 
tive edge of BCLKx. After 8 bit clock periods, the 


Table 1: Selection of Master Clock Frequencies. 


Master Clock Frequency 
BCLKr/CLKSEL Selected 
ETC5057/57-X | ETC5054/54-X 
Clocked 


2.048 MHz 1.5386 MHz or 


1.544 MHz 
1.536 MHz or 2.048 MHz 
1.544 MHz 


2.048 MHz 


0 


1.536 MHz or 
1.544 MHz 


1 (or open circuit) 


TRI-STATE Dx output is returned to a high im- 
pedance state. With and FSr pulse, PCM data is 
latched via the Dr input on the negative edge of 
BCLKx (or BCLKr if running). FSx and FSrR must 
be synchronous with MCLKyr. 


ASYNCHRONOUS OPERATION 


For asynchronous operation, separate transmit 
and receive clocks may be applied, MCLKx and 
MCLKr must be 2.048 MHz for the ETC5057, or 
1.536 MHz, 1.544 MHz for the ETC5054, and 
need not be synchronous. For best transmission 
performance, however, MCLKr should be syn- 
chronous with MCLKx, which is easily achieved 
by applying only static logic levels to the 
MCLKr/PDN pin. This will automatically connect 
MCLKx to all internal MCLKr functions (see pin 
description). For 1.544 MHz operation, the device 
automatically compensates for the 193rd clock 
pulse each frame. FSx starts each encoding cycle 
and must be synchronous with MCLKx and 
BCLKx. FSr starts each decoding cycle and must 
be synchronous with BCLKrR. BCLKr must be a 
clock, the logic levels shown in table 1 are not 
valid in asynchronous mode. BCLKx and BCLKr 
may operate from 64 kHz to 2.048 MHz. 


SHORT FRAME SYNC OPERATION 


The device can utilize either a short frame sync 
pulse or a long frame sync pulse. Upon power in- 
itialization, the device assumes a short frame 
mode. In this mode, both frame sync pulses, FSx 
and FSr, must be one bit clock period long, with 
timing relationships specified in figure 2. With FSx 
high during a falling edge of BCLKx the next ris- 
ing edge of BCLKx enables the Dx TRI-STATE 
output buffer, which will output the sign bit. The 
following seven rising edges clock out the remain- 
ing seven bits, and the next falling edge disables 
the Dx output. With FSpr high during a falling edge 
of BCLKrR (BCLKx in synchronous mode), the 
next falling edge of BCLKr latches in the sign bit. 
The following seven falling edges latch in the 
seven remaining bits. Both devices may utilize the 
short frame sync pulse in synchronous or asyn- 
chronous operating mode. 


LONG FRAME SYNC OPERATION 


To use the long frame mode, both the frame sync 
pulses, FSx and FSr, must be three or more bit 
clock periods long, with timing relationships speci- 
fied in figure 3. Based on the transmit frame sync, 
FSx, the device will sense whether short or long 
frame sync pulses are being used. For 64 kHz op- 
eration, the frame sync pulse must be kept low for 
a minimum of 160 ns (see fig. 1). The Dx TRI- 
STATE output buffer is enabled with the rising 
edge of FSx or the rising edge of BCLKx, which- 
ever comes later, and the first bit clocked out is 
the sign bit. The following seven BCLKx rising 
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edges clock out the remaining seven bits. The Dx 
output is disabled by the falling BCLKx edge fol- 
lowing the eighth rising edge, or by FSx going 
low, which-ever comes later. A rising edge on the 
receive frame sync pulse, FSpr, will cause the 
PCM data at Dr to be latched in on the next eight 
falling edges of BCLKrR (BCLKx in synchronous 
mode). Both devices may utilize the long frame 
sync pulse in synchronous or asynchronous 
mode. 


TRANSMIT SECTION 


The transmit section input is an operational ampli- 
fier with provision for gain adjustment using two 
external resistors, see figure 6. The low noise and 
wide bandwidth allow gains in excess of 20 dB 
across the audio passband to be realized. The op 
amp drives a unitygain filter consisting of RD ac- 
tive pre-filter, followed by an eighth order 
switched-capacitor bandpass filter clocked at 256 
kHz. The output of this filter directly drives the en- 
coder sample-and-hold circuit. The A/D is of com- 
panding type according to A-law (ETC5057) or p— 
law (ETC5054) coding conventions. A precision 
voltage reference is trimmed in manufacturing to 
provide an input overload (tmax) of nominally 2.5V 
peak (see table of transmission characteristics). 
The FSx frame sync pulse controls the sampling 
of the filter output, and then the successive-ap- 


ABSOLUTE MAXIMUM RATINGS 


Voltage at any Analog Input or Output 


Pay Voltage at Any Digital Input or Output 


Storage Temperature Range 


| Symbol | Parameter | Value Unit 


Toper Operating Temperature Range: for ETC5054/57 —25to+125 °C 
for ETC5054-X/57-X — 40 to + 125 °C 


Lead Temperature (soldering, 10 seconds 


ETC5054 - ETC5054-X - ETC5057 - ETC5057-X 


proximation encoding cycle begins. The 8-bit 
code is then loaded into a buffer and shifted out 
through Dx at the next FSx pulse. The total en- 
coding delay will be approximately 165 us (due to 
the transmit filter) plus 125us (due to encoding 
delay), which totals 290us. Any offset vol-tage 
due to the filters or comparator is cancelled by 
sign bit integration. 


RECEIVE SECTION 


The receive section consists of an expanding 
DAC which drives a fifth order switched-capacitor 
low pass filter clocked at 256 kHz. The decoder is 
A-law (ETC5057) or u-law (ETC5054) and the 
5th order low pass filter corrects for the sin x/x at- 
tenuation due to the 8 kHz sample and hold. 
The filter is then followed by a 2nd order RC ac- 
tive post-filter and power amplifier capable of driv- 
ing a 600Q load to a level of 7.2 dBm. The re- 
ceive section is unity-gain. Upon the occurence of 
FSrp, the data at the Dr input is clocked in on the 
falling edge of the next eight BCLKr (BCLKx) pe- 
riods. At the end of the decoder time slot, the de- 
coding cycle begins, and 10s later the decoder 
DAC output is updated. The total decoder delay 
is ~ 10us (decoder update) plus 110s (filter 
delay) plus 62.5us (1/2 frame), which gives ap- 
proximately 180us. A mute circuitry is a active 
during 10ms when power up. 


300 


ELECTRICAL OPERATING CHARACTERISTICS Vcc = 5.0 V+5%, Veg =—5.0 V+ 5%GNDA =0 V, 
Ta =0 °C to 70 °C (ETC5054-X/57-X Ta = -40°C to +85°C); Typical Characteristics Specified at Vcc = 5.0 V, 
Ves = — 5.0 V, Ta = 25 °C ; all signals are referenced to GNDA. 


Input Low Voltage 
Input High Voltac 


VoL Output Low Voltage 
IL=3.2mA 
IL = 3.2mA, Open Drain 


Vou Output High Voltage 
H = 3.2MA 


loz Output Current in HIGH Impedance State (TRI-STATE) 
GNDA < Vo < Vcc 
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ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (all devices) 
[Symbol] Parameter, =| Min. | Typ, | Max, | Unit 
iXA | Input Leakage Current VFyxl* or VFxl | —200 200 nA 
(-2.5V < V < 42.5V) 
RiXA | Input Resistance VFxI* or VFxl 10 MQ 
(-2.5V < V < +2.5V) 
Q 


| RoxA | Output Resistance (closedioop, unitygain) = | S| ct | 8 | 
RLXA 10 
CLXA 
VoXxA 
Unity Gain Bandwidth 
CMRRXA| Common-mode Rejection Ratio 


ANALOG INTERFACE WITH RECEIVE FILTER (all devices) 


CLRF 


VOSRO | Output DC Offset Voltage 


POWER DISSIPATION (all devices) 
[Symbol| —CParameter | Typ. _| 


[ min. | Typ. | max. | 

IccO Power-down Current for ETC5054/57 1.5 
ETC5054-X/57-X 

IsB0 Power-down Current for ETC5054/57 0.05 0.3 

ETC5054-X/57-X 0.05 0.4 

9.0 

11 

9.0 

11 


0.5 

0.5 

Icct Active Current for ETC5054/57 6.0 
ETC5054-X/57-X 6.0 

Isp1 Active Current for ETC5054/57 6.0 
ETC5054-X/57-X 6.0 
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TIMING SPECIFICATIONS 


Symbol 


1/tem Frequency of master clocks 
Depends on the device used and the BCLKr”/CLKSEL Pin 
MCLKx and MCLKr 
Width of Master Clock High MCLKx and MCLKa| 160 
Width of Master Clock Low MCLKx and MCLKr| 160 
Rise Time of Master Clock MCLKx and MCLKR 
Fall Time of Master Clock MCLKx and MCLKr 
tre 


Typ 


ol 
co) 


Period of Bit Clock 485 


488 | 15.725 
Width of Bit Clock High (Vin = 2.2V) 


Width of Bit Clock Low (Vin = 0.6V) 
es oteer— Rise Time of Bit Clock (tes = 488ns) 


Fall Time of Bit Clock (tps = 488ns) 
tsBFM Set-up time from BCLKx high to MCLKx falling edge. 100 
(first bit clock after the leading edge of FS x) 
tHBF Holding Time from Bit Clock Low to the Frame Sync 
(long frame only) 


Set-up Time from Frame Sync to Bit Clock (long frame only) 


tHBFI Hold Time from 3rd Period of Bit Clock FSx or FSR 100 
Low to Frame Sync (long frame only) 


tozF Delay time to valid data from FSx or BCLKx, whichever comes later 20 165 
and delay time from FSx to data output disabled. 
(CL = OpF to 150pF) 


eh | ok 
Oo) | 
Oo |oO 


Delay time from BCLKx high to data valid. 
(load = 150pF plus 2 LSTTL loads) 

50 

50 

50 


tHOLD Holding Time from Bit Clock High to Frame Sync 
(short frame only) 
tsF Set-up Time from FSyx_ to BOLKx/R Low 
(short frame sync pulse) - Note 1 
tHr Hold Time from BCLKyra Low to FSwr Low 100 
(short frame sync pulse) - Note 1 
Delay Time to TSxlow (load = 150pF plus 2 LSTTL loads) Ff} 140 | ons 


tWFL Minimum Width of the Frame Sync Pulse (low level) 160 
64kbit/s operating mode) 


Note 1: For short frame sync timing FSx and FSr must go high while their respective bit clocks are high. 
Figure 1: 64kbits/s TIMING DIAGRAM (see next page for complete timing). 


BCLKx 
BCLKR 


FSx 
FSR 
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TRANSMISSION CHARACTERISTICS 

Ta = Oto 70°C (ETC5054-X/57-X Ta = -40°C to +85°C), Vcc = +5V +5%, Vea = -5V +5%, GNDA = OV, 

f = 1.0KHz, Vin = O0dBm0 transmit input amplifier connected for unity-gain non-inverting (unless otherwise 
specified). 

AMPLITUDE RESPONSE 


[Symbol] Parameter | Min. '| Typ. | Max. | Unit _| 


a Absolute levels - nominal 0 dBm0 level is 4 dBm (600 Q) i 1.2276 a 
BmO 
ag Overload Level 
3.14 dBm0 (A LAW) 2.492 Vex 
3.17 dBm0 it LAW —_ 501 — 


Ga Tenet Gain, Absolute (TA = 25 °C, Vcc=5V, Vep=-—5 V) 
Input at ets 0 eBme at 1020 Hz 


lepaes 


1 
2 

300 Hz - 3000 Hz 

3200Hz (ETC5054-X/57-X) 

3300 Hz 

f = 3400 Hz 

f = 4000 Hz 

f = 4600 Hz and up, Measure Response from 0 Hz to 4000 Hz 


Gyxat ae Transmit Gain Variation with Temperature 
= 0 to +70°C - 0.1 dB 
= —40 to 185°C (ETC5054-X/57-X) —0.15 wg 


San | out Transmit Gain Variation with Supply Voltage a 
Voc=5V+5%, Veap=—-5Vt5% — 0.05 


oe | fees Gain Variations with Level 

Sinusoidal Test Method Reference Level = — 10 dBm0 
VFXI+ =— 40 dBm0 to + 3 dBm0 
VFxl+ =— 50 dBm0 to — 40 dBm0 
VFxl+ =— 55 dBm0 to — 50 dBm0 


Receive Gain, Absolute (Ta = 25°C, Vcc = 5V, Ves = —5V) 
Input = Digital Code Sequence for OdBm0O Signal at 1020Hz 


Receive Gain, Relative to GRA 
f = OHz to 3000Hz 

f = 3200Hz (ETC5054-X/57-X) 
f = 3300Hz 

f = 3400Hz 
f = 4000Hz 


Absolute Transmit Gain Variation with Temperature 
Ta = O'to +70°C 


Receive Gain Variations with Level 
Sinusoidal Test Method; Reference input PCM code 
corresponds to an ideally encoded — 10 dBm0 signal 
PCM level = — 40 dBm0 to + 3 dBm0O 

PCM level = — 50 dBm0 to — 40 dBm0 
PCM level = — 55 dBm0 to — 50 dBm0 


Receive Output Drive Level (Ri = 600Q) 
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TRANSMISSION (continued) 
ENVELOPE DELAY DISTORTION WITH FREQUENCY 


Transmit Delay, Relative to Dxa 
f = 500Hz - 600Hz 

f = 600Hz - 800Hz 

f = 800Hz - 1000Hz 

f = 1000Hz - 1600Hz 

f = 1600Hz - 2600Hz 


f = 2600Hz - 2800Hz 
f = 2800Hz - 3000Hz 


Receive Delay, Relative to Dra 
f = 500Hz - 1000Hz 

f = 1000Hz - 1600Hz 

f = 1600Hz - 2600Hz 

f = 2600Hz - 2800Hz 

f = 2800Hz - 3000Hz 


NOISE 


Parameter | Min. | Typ. | Max. | unit_| 


Nxp | Transmit Noise, P Message Weighted (A LAW, VFXI* = 0 V) 1) 
ETC5057 —74 —69 |dBm0p 
Rae | eos ne _ es ~ a eae 


Receive Noise, P Message Weighted 
A LAW, PCM code equals positive zero tea liasaee 


are Noise, C Message Weighted pp, LAW (VFXI* = 0 V) 
ETC505 12 15 |dBmCo 
‘an - 2 16 dBmCo 


Receive Noise, C Message Weighted 
LAW, PCM Code Equals Alternating Positive and Negative Zero dBmCo 


| isi Single Frequency 
f = 0 kHz to 100 KHz, Loop around Measurement, 
VFx!l* = 0 Vrms dBm0 


PPSRx ee Power Supply Rejection, Transmit (note 2) 
Voc = 5.0 Voc + 100 mVrms, f = 0 kKHz-50 kHz 


NPSRx | Negative Power Supply Rejection, Transmit (note 2) 
Ves =— 5.0 Voc + 100 mVrms, 
f = 0 kHz-50 kHz 


PPSRp | Positive Power Supply Rejection, Receive 
(PCM code equals positive zero, Vcc = 5.0 VDc + 100mVrms) 
f = OHz to 4000Hz 


f = 4KHz to 25KHz 
f = 25KHz to 50KHz 


NPSRr } Negative Power Supply Rejection, Receive 
(PCM code equals positive zero, VBB = 5.0 VDc + 100mVrms) 
f = OHz to 4000Hz 
f = 4KHz to 25KHz 


f = 25KHz to 50KHz 
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TRANSMISSION CHARACTERISTICS (continued) 


NOISE (continued) 


symbol] Parameter | Mins | Typ. | Max. | Unit _| 


Spurius out-of-band Signals at the Channel Output 

Loop around measurement, 0dBm0, 300Hz - 3400Hz input applied 
to DR, measure individual image signals at DX 

4600Hz - 7600Hz 
7600Hz - 8400Hz 
8400Hz - 100,000Hz 


DISTORTION 


[symbol] Parameter Min. | Typ. | Max. | Unit | 


STDx | Signal to Total Distortion (sinusoidal test method) 
or 
STDR | Transmit or Receive Half-channel 
Level = 3.0dBm0 33 
Level = 0dBm0 to -30dBm0 36 
Level = -40dBm0 29 dBp 
30 
Level = -55dBm0 14 
15 
Pt ae |B 


Single Frequency Distortion, Transmit (Ta = 25°C) foe oe. —4 
Single Frequency Distortion, Receive (Ta = 25°C) Ft |B 


CROSSTALK 
| Symbol | Parameter 
CTxR | Transmit to Receive Crosstalk, O dBm0 Transmit Level 
f = 300Hz to 3400Hz, Dr = Steady PCM Mode for ETC5054/57 
ETC5054-X/57-X 
CTr-x | Receive to Transmit Crosstalk, 0 dBm0 Receive Level 
f = 300Hz to 3400Hz, (note 2) for ETC5054/57 
ETC5054-X/57-X 


Intermodulation Distortion 
Loop Around Measurement, VFXI+ = —4dBm0 to —21dBm0, two 
Frequencies in the Range 300Hz - 3400Hz 


Ly 


Notes: 
1) Measured by extrapolation from distortion test results. 
2) PPSRx, NPSRx, CTr-x is measured with a -50dBm0 activating signal applied at VFxI”. 


ENCODING FORMAT AT Dx OUTPUT 


fe pe A-Law (including even bit inversion) 
Vin (at GSx) = +Full-scale 
ie 


Vin (at GSx) = OV 


Vin (at GSx) = — Full-scale 
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APPLICATION INFORMATION 
POWER SUPPLIES 


While the pins at the ETC505X family are well 
protected against electrical misuse, it is recom- 
mended that the standard CMOS practice be fol- 
lowed, ensuring that ground is connected to the 
device before any-other connections are made. In 
applications where the printed circuit board may 
be plugged into a “hot” socket with power and 
clocks already present, an extra long ground pin 
in the connector should be used. 


All ground connections to each device should 
meet at a common point as close as possible to 
the GNDA pin. This minimizes the interaction of 
ground return currents flowing through a common 
bus impedance. 0.1u.F supply decoupling capaci- 
tors should be connected from this common 
ground point to Vcc and Vpp as close to the de- 
vice as possible. 

For best performance, the ground point of each 
CODEC/FILTER on a card should be connected 
to a common card ground in star formation, rather 
than via a ground bus. This common ground point 
should be decoupled to Vcc and Vsps with 10uF 
capacitors. 


Figure 4: T-PAD Attenuator 


R2=2VZ1Z2 . ; 


Where: N = \ _POWERIN _ 


POWEROUT 


ae Vf 4Zt 
and: S = 70 


Also :Z =VZsc . ZOC 


Where Zsc = impedance with short circuit termi- 
nation and Zoc = impedance with open circuit ter- 
mination. 


Figure 5: II-PAD Attenuator 
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2 N 


2 
po = V21;22 | . 


2. 
pg=zi(—Ne=1 
N“ —2NS + 1 


RECEIVE GAIN ADJUSTMENT 


For applications where a ETC505X family 
CODEC Y/filter receive output must drive a 600Q 
load, but a peak swing lower then + 2.5V is re- 
quired, the receive gain can be easily adjusted by 
inserting a matched T-pad or x —pad at the out- 
put. Table Il lists the required resistor values for 
600Q terminations. As these are generally non- 
standard values, the equations can be used to 
compute the attenuation of the closest pratical set 
of resistors. It may be necessary to use unequal 
values for the Ri or R4 arms of the attenuators to 
achieve a precise attenuation. Generally it is tol- 
erable to allow a small deviation of the input im- 
pedance from nominal while still maintaining a 
good return loss. For example a 30dB return loss 
against 600Q is obtained if the output impedance 
of the attenuator is in the range 282Q to 319Q 
(assuming a perfect transformer). 


Table 2 : Attenuator Tables For 
Z1 = Z2 = 300 Q (all values in Q). 


anna — 
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Figure 6: Typical Synchronous Application. 


from SLIC 


(AT) —o— [R2) 
v ANALOG 


INTERFACE 
to SLIC 


Da DIGITAL 
ji INTERFACE 
BV or GNDA BCLKp/CLKSEL 


BON >t MCLKR/PDN f BCLK x (2.048 MHz / 1.544 MHz) 


R1 + R2 
R2 


(R1 + R2)>10kQ2 


Note 1 : XMIT gain = 20 X log ( 
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ETC5064/64-X 
ETC5067/67-X 


SERIAL INTERFACE CODEC/FILTER WITH RECEIVE 


a COMPLETE CODEC AND FILTERING SYS- 

TEM INCLUDING : 

. Transmit high-pass and low-pass filtering. 

. Receive low-pass filter with sin x/x correction. 

. Active RC noise filter. 

- p-law or A-law compatible CODER and DE- 

CODER. 

. Internal precision voltage reference. 

. Serial I/O interface. 

_ Internal auto-zero circuitry. 

. Receive push-pull power amplifiers. 

u-LAW ETC5064 

a» A-LAW ETC5067 

=» MEETS OR EXCEEDS ALL D3/D4 AND CCITT 

SPECIFICATIONS. 

+5 V OPERATION. 

a LOW OPERATING POWER-TYPICALLY 70 mW 

POWER-DOWN STANDBY MODE-TYPICALLY 

3 mW 

a AUTOMATIC POWER DOWN 

TTL OR CMOS COMPATIBLE DIGITAL INTER- 

FACES 

» MAXIMIZES LINE INTERFACE CARD CIR- 
CUIT DENSITY 

a 0°C TO 70°C OPERATION: ETC5064/67 

s —40°C TO 85°C OPERATION: ETC5064-X/67-X 


DESCRIPTION 


The ETC5064 (u-law), ETC5067 (A-law) are mono- 
lithic PCM CODEC/FILTERS utilizing the A/D and 
D/A conversion architecture shown in the Block Dia- 
grams and a serial PCM interface. The devices are 
fabricated using double-poly CMOS process. 


Similar to the ETC505X family, these devices fea- 
ture an additional Receive Power Amplifier to pro- 
vide push-pull balanced output drive capability. The 
receive gain can be adjusted by means of two ex- 
ternal resistors for an output level of up to + 6.6 V 
across a balanced 600Q load. 


Also included is an Analog Loopback switch and 
TS x output. 


November 1994 


POWER AMPLIFIER 


DIP20 
(Plastic) N 


ORDERING NUMBERS: 
ETC5064N 
ETCS5064N-X 
ETC5067N 
ETC5067N-X 


PLCC20 
FN 


ORDERING NUMBERS: 
ETC5064FN 
ETCS5064FN-X 
ETC5067FN 
ETC5067FN-X 


D 


ORDERING NUMBERS: 
ETC5064D 
ETC5064D-X 
ETC5067D 
ETC5067D-X 
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PIN CONNECTIONS (Top views) 


DIP20 & PLCC20 
S020 


UPQ+ 

GNDA 

VPQ- 

UPI 

VF RQ 

VCC 

FSR 

DR 
BCLKR/CLKSEL 
MCLKR/PDN 
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YOLTAGE 
REFERENCE 


RC ACTIVE 
FILTER 


TIMING 
AND 
CONTROL 


VCC VBB GNDA MCLKX MCLKR/ BCLKX BCLKR/ FSR 
MNSIETCSBEABZ-B82A PDN CLKSEL 
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Inverting Input to the Receive Power Amplifier. Also powers down both 
amplifiers when connected to Vgs. 


5 Analog Output of the Receive Filter 


Positive Power Supply Pin. Vcc = +5V +5% 


PIN DESCRIPTION 


Receive Frame Sync Pulse which enable BCLKr to shift PCM data into 


Dr. FSr, is an 8KHz pulse train. See figures 1 and 2 for timing details. 


Receive Data Input. PCM data is shifted into Dr following the FSR leading 
edge 


The bit Clock which shifts data into Dr after the FSr leading edge. May 
vary from 64KHz to 2.048MHz. 

Alternatively, may be a logic input which selects either 1.536MHz/1.544MHz 
or 2.048MHz for master clock in synchronous mode and BCLKx is used 
for both transmit and receive directions (see table 1). This input has an 
internal pull-up. 
Receive Master Clock. Must be 1.536MHz, 1.544MHz or 2.048MHz. May 
be asynchronous with MCLKx, but should be synchronous with MCLKx for 


BCLKr/CLKSEL 


MCKLr/PDN 


(o) 


best performance. When MCLKa is connected continuously low, MCLKx is 
selected for all internal timing. When MCLKr is connected continuously 
high, the device is powered down. 


Transmit Master Clock. Must be 1.536MHz, 1.544MHz or 2.048MHz. May 
be asynchronous with MCLKr. 


The bit clock which shifts out the PCM data on Dx. May vary from 64KHz 
to 2.048MHz, but must be synchronous with MCLKx. 


Dx The TRI-STATE@PCM data output which is enabled by FSx. 


Transmit frame sync pulse input which enables BCLKx to shift out the 
PCM data on Dx. FS x is an 8KHz pulse train. See figures 1 and 2 for 
details. 


15  |Open drain output which pulses low during the encoder time slot. Must to 
be grounded if not used. 


Analog Loopback Control Input. Must be set to logic ’0’ for normal 
operation. When pulled to logic 1’, the transmit filter input is disconnected 
from the output of the transmit preamplifier and connected to the VPO* 
output of the receive power amplifier. 


Analog output of the transmit input amplifier. Used to set gain externally. 
Inverting inout of the transmit input amplifier. 
Non-inverting input of the transmit input amplifier. 


Negative Power Supply Pin. Veg = -5V +5% 


11 
2 


1 


ep) 
x 
rs 


17 
18 
19 


=k = 
Oo) 


20 


(*) |: Input, O: Output, S: Power Supply. 
TRI-STATE® is a trademark of National Semiconductor Corp. 
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FUNCTIONAL DESCRIPTION 


POWER-UP 


When power is first applied, power-on reset circuitry 
initializes the device and places it into the power- 
down mode. All non-essential circuits are deacti- 
vated and the Dx and VFRO outputs are put in high 
impedance states. To power-up the device, a logical 
low level or clock must be applied to the 
MCLKr/PDN pin and FS x and/or FSr pulses must 
be present. Thus 2 power-down control modes are 
available. The first is to pull the MCLKr/PDN pin 
high; the alternative is to hold both FSx and F&r in- 
puts continuously low. The device will power-down 
approximately 2 ms after the last FSx pulse. The 
TRI-STATE PCM data output, Dx, will remain in the 
high impedance state until the second FSx pulse. 


SYNCHRONOUS OPERATION 


For synchronous operation, the same master clock 
and bit clock should be used for both the transmit 
and receive directions. In this mode, a clock must be 
applied to MCLKx and the MCLKr”/PDN pin can be 
used as a power-down control. A low level on 
MCLKr/PDN powers up the device and a high level 
powers down the device. In either case, MCLKX will 
be selected as the master clock for both the transmit 
and receive circuits. A bit clock must also be applied 
to BCLKx and the BCLr/CLKSEL can be used to se- 
lect the proper internal divider for a master clock of 
1.536 MHz, 1.544 MHz or 2.048 MHz. For 1.544 
MHz operation, the device automatically compen- 
sates for the 193 rd clock pulse each frame. 

With a fixed level on the BCLKr”/CKSEL pin, BOLKx 
will be selected as the bit clock for both the transmit 
and receive directions. Table 1 indicates the fre- 
quencies of operation which can be selected, de- 
pending on the state of BOLKrR/CLKSEL. In this syn- 
chronous mode, the bit clock, BCLKx, may be from 
64 kHz to 2.048 MHz, but must be synchronous with 
MCLkx. 


Table 1: Selection of Master Clock Frequencies. 


Master Clock 
BCLKR/CLKSEL Frequency Selected 
ETC5067 ETC5064 
ETC5067-X | ETC5064-X 


Clocked 2.048MHz 1.536MHz or 
1.544MHz 
1.536MHz or 2.048MHz 
1.544MHz 
1 (or open circuit) 2.048MHz 1.536MHz or 
1.544MHz 


Each FSx pulse begins the encoding cycle and the 
PCM data from the previous encode cycle is shift out 
of the enabled Dx output on the positive edge of 
BCLKx. After 8 bit clock periods, the TRISTATE Dx 
output is returned to a high impedance state. With an 
FSrR pulse, PCM data is latched via the Dr input on 
the negative edge of BCLKx (or on BCKL if running). 
FSx and FSR must be synchronous with MCLKX/p. 


ASYNCHRONOUS OPERATION 


For asynchronous operation, separate transmit and 
receive clocks may be applied. MCLKx and MCLKr 
must be 2.048 MHz forthe ETC5067 or 1.536 MHz, 
1.544 MHz for the ETC5064, and need not be syn- 
chronous. For best transmission performance, how- 
ever, MCLKr should be synchronous with MCLKx, 
which is easily achieved by applying only static logic 
levels to the MCLKr/PDN pin. This will automatically 
connect MCLKx to all internal MCLKr functions (see 
pin description). For 1.544 MHz operation, the de- 
vice automatically compensates for the 193rd clock 
pulse each frame. FSx starts each encoding cycle 
and must be synchronous with MCLKx and BCLKx. 
FSr starts each decoding cycle and must be syn- 
chronous with BCLKr. BCLKr must be a clock, the 
logic levels shown in Table 1 are not valid in asyn- 
chronous mode. BCLKx and BCLKr may operate 
from 64kHz to 2.048 MHz. 


SHORT FRAME SYNC OPERATION 


The device can utilize either a short frame sync 
pulse or along frame sync pulse. Upon power initiali- 
zation, the device assumes a short frame mode. In 
this mode, both frame sync pulses. FSx and FSr, 
must be one bit clock period long, with timing rela- 
tionships specified in figure 2. With FSx high during 
a falling edge of BCLKr, the next rising edge of 
BCLKx enables the Dx TRI-STATE output buffer, 
which will output the sign bit. The following seven ris- 
ing edges clock out the remaining seven bits, and 
the next falling edge disables the Dx output. With 
FSr high during a falling edge of BCLKr (BCLKx in 
synchronous mode), the next falling edge of BCLKr 
latches in the sign bit. The following seven falling 
edges latch in the seven remaining bits. Both de- 
vices may utilize the short frame sync pulse in syn- 
chronous or asynchronous operating mode. 


LONG FRAME SYNC OPERATION 


To use the long frame mode, both the frame sync 
pulses, FSx and FSr, mustbe three or more bit clock 
periods long, with timing relationships specified in 
figure 3. Based on the transmit frame sync FSx, the 
device will sense whether short or long frame sync 
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pulses are being used. For 64 kHz operation, the 
frame sync pulses must be kept low for a minimum 
of 160 ns (see Fig 1). The Dx TRI-STATE output 
buffer is enabled with the rising edge of FS x or the 
rising edge of BCLKx, whichever comes later, and 
the first bit clocked out is the sign bit. The following 
seven BCLKx rising edges clock out the remaining 
seven bits. The Dx output is disabled by the falling 
BCLKx edge following the eighth rising edge, or by 
FSx going low, whichever comes later. A rising edge 
on the receive frame sync pulse, FSr, will cause the 
PCM data at Dr to be latched in on the next eight 
falling edges of BCLKR (BCLKy in synchronous 
mode). Both devices may utilize the long frame sync 
pulse in synchronous or asynchronous mode. 


TRANSMIT SECTION 


The transmit section input is an operational amplifier 
with provision for gain adjustment using two external 
resistors, see figure 4. The low noise and wide band- 
width allow gains in excess of 20 dB across the 
audio passband to be realized. The op amp drives 
a unity gain filter consisting of RC active pre-filter, 
followed by an eighth order switched-capacitor 
bandpass filter directly drives the encoder sample- 
and-hold circuit. The A/D is of companding type ac- 
cording to A-law (ETC5067 and ETC5067-X) or u- 
law (ETC5064 and ETC5064-X) coding conven- 
tions. A precision voltage reference is trimmed in 
manufacturing to provide an input over load (tax) 
of nominally 2.5V peak (see table of Transmission 
Characteristics). The FSx frame sync pulse controls 
the sampling of the filer output, and then the succes- 
sive-approximation encoding cycle begins. The 8-bit 
code is then loaded into a buffer and shifted out 
through Dx at the next FSx pulse. the total encoding 
delay will be approximately 165 ps (due to the trans- 
mit filter) plus 125us (due to encoding delay), which 
totals 290us. Any offset voltage due to the filters or 
comparator is cancelled by sign bit integration. 


ABSOLUTE MAXIMUM RATINGS 


Voc to GNDA 


Voltage at any Analog Input or Output 


Symbol | Parameter | Value |i 
Wes WiGNDA TS eo 
Vee to GNDA 
aa Voltage at any Digital Input or Output Vcc +0.3 to GNDA -0.3 


Toper Operating Temperature Range: ETC5064/67 
ETC5064-X/67-X 


Storage Temperature Range -65 to +150 IP ee. | 
hoe Lead Temperature (soldering, 10 seconds) 


RECEIVE SECTION 


The receive section consist of an expanding DAC 
which drives a fifth order switched-capacitor low 
pass filter clocked at 256kHz. The decoder is A-law 
(ETC5067 and ETC5067-X) or u-law (ETC5064 
and ETC5064-X) and the 5 th order low pass filter 
corrects for the sin x/x attenuation due to the 8kHz 
sample and hold. The filter is then followed by a 2 
nd order RC active post-filter and power amplifier 
capable of driving a 600Q load to a level of 7.2dBm. 
The receive section is unity-gain. Upon the oc- 
curence of FSp, the data at the Dr input is clocked 
in on the falling edge of the next eight BCLKrR 
(BCKLx) periods. At the end of the decoder time slot, 
the decoding cycle begins, and 10ys later the de- 
coder DAC output is updated. The total decoder de- 
lay is about1Ous (decoder up-date) plus 110us (fil- 
ter delay) plus 62.5us (1/2 frame), which gives ap- 
proximately 180s. 


RECEIVE POWER AMPLIFIERS 


Two inverting mode power amplifiers are provided 
for directly driving a matched line interface trans- 
former. The gain of the first power amplifier can be 
adjusted to boost the + 2.5V peak output signal from 
the receive filter up + 3.3V peak into an unbalanced 
300Q load, or +4.0V into an unbalanced 15kQ load. 
The second power amplifier is internally connected 
in unity-gain inverting mode to give 6cB of signal 
gain for balanced loads. Maximum power transfer to 
a 600 subscriber line termination is obtained by 
differientially driving a balanced transformer with a 
V2 : 1 turns ratio, as shown in figure 4. A total peak 
power of 15.6dBm can be delivered to the load plus 
termination. Both power amplifier can be powered 
down independently from the PDN input by connect- 
ing the VPI input to Ves saving approximately 12 
mW of power. 


7 


-25 to +125 a 
-40 to +125 °C 
°C 
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ELECTRICAL OPERATING CHARACTERISTICS 

Vcc = 5.0V +5%, VeB = -5V +5%, GNDA = OV, Ta=0°C to 70°C (ETC5064-X/67-X: Ta =—40°C to 85°), unless 
otherwise noted; typical characteristics specified at Vcc = 5.0V, Ves =-5.0V, Ta = 25°C; all signals are refer- 
enced to GNDA. 

DIGITAL INTERFACE (All devices) 


Output Low Voltage 
IL =3.2 mA 
IL = 3.2 mA, Open Drain 


Input Low Current (GNDA <s Vin s Vi )all digital inputs 
Except BCLKr 


Input High Current (Vin < Vin < Vcc) Except ANLB 


Output Current in High Impedance State (TRI-STATE) 
(GNDA < Vo < Vcc) Dx 


Symbol Parameter | Min. | Typ. | Max. | unit_| 
IiXA Input Leakage Current VFxl* or VFxI~ | — 200 200 
—25V<Vs+25V) 
RiXA Input Resistance VFxl* or VFxi7 10 
—-25V<V<+25V 


Output Resistance (closed loop, unity gain 


Voltage Gain (VFxl * to GSx | 
Unity Gain Bandwidth 1 > ite 


| VowXA | Common-mode voltage He | 


| CMRRXA | Common-mode RejectionRatio S| ct || 
| PSRRXA | Power Supply RejectionRatio | 


ANALOG INTERFACE WITH RECEIVE FILTER (all devices) 


| Symbol | Parameter Min. | Typ. | Max. | Unit _| 
| RoRF | Output Resistance || | | 


| FURF | Load Resistance (VFRO=225v) | to | Tk 
| CuRF | LoadCapaciance TT 
| VOSRO | Output DC Offset voltage 200] | 200 | mv 
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ELECTRICAL OPERATING CHARACTERISTICS (Continued) 
ANALOG INTERFACE WITH POWER AMPLIFIERS (all devices) 


| Symbol | Parameter |S Min. | Typ. | Max. | Unit _| 


| IPL__| input Leakage Curent (-1.0V<vPi<10V) | = 100 | | 100 | mA 
| RIP! Input Resistance (-10sveistovy) tt 
| viOS | InputOffsetVoltage Hm 
| ROP | Output Resistance (inverting unity-gain at VPO * or VPO~ Ne lk ape a ee ad 
Unity-gain Bandwidth, Open Loop (VPO~ | = | 400 | sok 


Load Capacitance (VPO* or VPO™ to GNDA) 
Ri. = 1500 Q 
Ri = 600 Q 


Gain VPO~ to VPO* to GNDA, Level at VPO™ = 1. 77 Vrms 
+ 3 dBmO 


Power Supply Rejection of Vcc or Ves 
(VPO connected to VPI) 

0 kHz — 4 kHz 

0 kHz — 50 kHz 


POWER DISSIPATION (all devices) 
Symbol Parameter | Min. | Typ. | Max. | Unit_ 


Icc0 Power-down Current at ETC6064/67 0.5 1.5 mA 

ETC5064-X/67-X 0.5 mA 

IpB0 Power-down Current at ETC6064/67 0.05 0.3 mA 

ETC5064-X/67-X 0.05 0.4 mA 

Icc1 Active Current at ETC6064/67 7.0 10.0 mA 
ETC5064-X/67-X 


7.0 12.0 mA 
IpB1 Active Current at ETC6064/67 7.0 10.0 mA 
ETC5064-X/67-X 7.0 12.0 mA 
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All TIMING SPECIFICATIONS 


1/tpm Frequency of master clocks 
MCLKx and MCLKr 
Depends on the device used and the 
BCLKr”/CLKSEL Pin 


Width of Master Clock High MCLKx and MCLKra_ | 160 


| tra _| Rise Time of Bit Clock (tes= 488s) CS 
Fall Time of Bit Clock (tps = 488 ns 


tSBFM Set-up time from BCLKx high to MCLKx falling edge. 
first bit clock after the leading edge of FSx 


tHBF Holding Time from Bit Clock Low to the Frame Sync 
(long frame only) 


Set-up Time from Frame Sync to Bit Clock (long frame onl 
t Hold Time from 3rd Period of Bit Clock FSx or FSr 
Low to Frame Sync (long frame onl 


HBFI 
tozF Delay Time to valid data from FSx or BCLKx, whichever 
comes later and delay time from FSX to data output disabled 


(load = 150 pF plus 2 LSTTL loads) 


a3 
n 


| 
n 


=) 
n 


Set-up Time from FSyxr to BCLKyyrR Low 
short frame sync pulse) - Note 1 
tHr Hold Time from BCLKyrR Low to FSxypn Low 
short frame sync pulse) - Note 1 
Delay Time to TSx low (load = 150 pF plus 2 LSTTI loads 


Minimum Width of the Frame Sync Pulse (low level) 
(64 bit/s operating mode) 


Note : 1.For short frame sync timing. FSx and FSr must go high while their respective bit clocks are high. 


Figure 1 : 64 k bits/s TIMING DIAGRAM. (see next page for complete timing) 


BCLKx 
BCLKy 


FSx 
FSR 
J 
eX XX OK KKK 
Da. ae 
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TRANSMISSION CHARACTERISTICS 

(all devices) Ta = 0°C to 70°C (ETC5064-X/67-X: Ta = —40°C to 85°), Voc = 5V + 5%, Vep =— 5V + 5%, 
GNDA = OV, f = 1.02kHz, Vin = OdBm0 transmit input amplifier connected for unity—gain non-inverting. (unless 
otherwise specified). 


AMPLITUDE RESPONSE 
[symbol | Parameter | sin. | Typ. | Max. | Unit | 
Absolute Levels - Nominal 0 dBm0 is 4 dBm (6009). = 1.2276 — 
0 dBm0 
Max Overload Level 
3.14 dBm0 ETC5067 2.492 
3.17 dBm0O ETC5064 2.501 
Absolute Transmit Gain Variation with Temperature 
Ta = 0°C to +70°C 


Transmit Gain, Absolute (Ta = 25°C, Vcc = 5V, Ves = -5V) -0.15 
Input at GSx = OdBm0 at 1020Hz 
hall Ta = —40°C to +85°C (ETC5064-X/67-X) 


Transmit Gain, Relative to GXA 
f = 16Hz 
f = 50Hz 
f = 60Hz 
f = 180Hz 
f = 200Hz 
f = 300Hz -3000Hz 
f = 3200Hz (ETC5064-X/67-X) 
f = 3300Hz 
f = 3400Hz 
Gxav Absolute Transmit Gain Variation with Supply Voltage 
(Vcc = 5V +5%, Vea = -5V +5%) 
Gyar Transmit Gain Variation with Level 
Sinusolidal Test Method Reference Level = -10dBm0 
VFxI* = -40dBm0 to +38dBm0 
VFxI* = -50dBm0 to -40dBm0 
VFxI* = -55dBm0 to -50dBm0 
Receive Gain, Absolute (Ta = 25°C, Vcc = 5V, Ves = -5V) 
Input = Digital Code Sequence for OdBm0 Signal at 1020Hz 
Receive Gain, Relative to Gra 
f = 3400Hz 
f = 4000Hz 
GraT Absolute Receive Gain Variation with Temeperature 
- 0°C to +70°C 
= —40°C to +85°C (ETC5064-X/67-X 
nate Receive Gain Variation with Supply Voltage 
Voc = 5V +5%, Ves = -5V +5% 
Receive Gain Variation with Level 
Sinusoidal Test Method; Reference Input PCM code 
corresponds to an ideally encoded -10dBm0 signal 
PCM level = -40dBm0 to +3dBm0 
PCM level = -50dBm0 to -40dBm0 


f = 4000Hz 
f = OHz to 3000Hz 
PCM evel = -55dBm0 to -50dBm0 


f = 4600Hz and up, measure response from oHz to 4000Hz 
f = 3200Hz (ETC5064-X/67-X) 


f = 3300Hz 


GRRL 
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TRANSMISSION CHARACTERISTICS (continued). 
ENVELOPE DELAY DISTORTION WITH FREQUENCY 


-Symbol_|____Paamster 
Transmit Delay, Absolute (f = 1600 Hz) 


Transmit Delay, Relative to Dxa 
f = 500 Hz-600 Hz 

f = 600 Hz-800 Hz 

f = 800 Hz-1000 Hz 

f = 1000 Hz-1600 Hz 

f = 1600 Hz-2600Hz 

f = 2600 Hz-2800 Hz 

f = 2800 Hz-3000 Hz 


Receive Delay, Absolute (f = 1600 Hz 


Receive Delay, Relative to Dra 

f = 500 Hz-1000 Hz 

f = 1000 Hz-1600 Hz 

f = 1600 Hz-2600 Hz 

f = 2600 Hz-2800 Hz 

f = 2800 Hz-3000 Hz 145 175 


Symbol | Ss Patameter | «Min. | Typ. | Max. | Unit | 
Nxp Transmit Noise, P Message (A-LAW, VFxl* = 0 V) Weighted 1) 
ETC5064 — 74 —69 |dBm0p 
ETC5064-X — 74 —67 |dBmOp 
Nrp Receive Noise, P Message Weighted Le dBm0p 
A-LAW, PCM Code Equals Positive Zero 
Nxc Transmit Noise, C Message Weighted 
(u-LAW, VFxI* = 0 V) ETC5064 12 15 |dBrnCo 
12 16  |dBrnCo 
Nrc Receive Noise, C Message Weighted 
(u-LAW, PCM Code Equals Alternating Positive and Negative i 11 dBrnCo 
; a 


ETC5064-X 
Noise, Single Frequency 
PPSRx 
Bp 


f = 0 kHz to 100 kHz, Loop around Measurement, VFxl* = 0 V 
PPSRr 


Positive Power Supply Rejection, Transmit (note 2) 
Voc = 5.0 Voc + 100 mVrms, f = 0 kKHz-50 kHz 


Positive Power Supply Rejection, Receive (PCM code equals 
positive zero, Vcc = 5.0 Vpc + 100 mVrms) 

f = 0 Hz-4000Hz A LAW 
pt LAW 


f = 4 kKHz-25 kHz 
f = 25 kHz-50 kHz 


Negative Power Supply Rejection, Receive (PCM code equals 
positive zero, Veg = — 5.0 Vpc + 100 mVrms) 

f = 0 Hz-4000Hz A LAW 
yp. LAW 


f = 4 kHz-25 kHz 
f = 25 kKHz-50 kHz 


Spurious out-of-band Signals at the Channel Output 
0 dBm0, 300 Hz-3400 Hz input PCM applied at Dr 
4600 Hz-7600 Hz 
7600 Hz-8400 Hz 
8400 Hz-100,000 Hz 
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TRANSMISSION CHARACTERISTICS (continued). 
DISTORTION 


| Symbol | Parameter | Min. | Typ. | Max. | Unit | 


STDx Signal to Total Distortion (sinusoidal test method) 
or 
STDr Transmit or Receive Half-channel 
Level = 3.0 dBm0 
= 0 dBm0 to — 30 dBm0 
= — 40 dBm0 


=— 55 dBm0 


15 
|__SFDx__| Single Frequency Distortion, Transmit(Ta= 25°C) | S| | 46 |B 
|__SFDa__| Single Frequency Distortion, Receive(Ta= 25°C) | S| | = 46 |B 


Intermodulation Distortion 
Loop Around Measurement, VFxl* =— 4 dBm0 to 
— 21 dBm0O, two Frequencies in the Range 300 Hz-3400 Hz 


CROSSTALK 


| Symbol | Parameter | Min. | Typ. | Max. | Unit _| 


Transmit to Receive Crosstalk, OdBm0O Transmit 
f = 300 Hz-3400 Hz, Dr = Steady PCM Code ETC5064/67 

ETC5064-X/67-X 
Receive to Transmit Crosstalk, OdBm0O Receive Level (note 2) 
f = 300 Hz-3400 Hz, VFxl=0V ETC5064/67 
ETC5064-X/67-X 


POWER AMPLIFIERS 


Symbol | Parameter | Min. | Type 


Maximum 0 dBm0 Level for Better than + 0.1 dB Linearity Over 
the Range 10 dBm0 to + 3 dBm0 

(balanced load, Ri connected between VPO* and VPO ) 
Ri = 600 Q 

Ri = 1200 Q 

Ri = 30 kQ 


Notes : 1. Measured by extrapolation from the distortion test results. 
2. PPSRX, NPSRX, CTR-X measured with a -50dBm0 activating signal applied at VFx!* 


ENCODING FORMAT AT Dx OUTPUT 


A-Law uLaw 
(Including even bit inversion) 


Vin (at GSx) = + Full-scale 10101010 10000000 
Vin (at GSx) = 0 V 11010101 1 a OS 
01010101 01111111 
00101010 000000 


Vin (at GSx) = — Full-scale 
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APPLICATION INFORMATION 


POWER SUPPLIES 


While the pins at the ETC506X family are well pro- 
tected against electrical misure, it is recommended 
that the standard CMOS practice be followed, en- 
suring that ground is connected to the device before 
any other connections are made. In applications 
where the printed circuit board may be plugged into 
a "hot" socket with power and clocks already pre- 
sent, an extra long ground pin in the connector 
should be used. 


All ground connections to each device should meet 
atacommon pointas close as possible to the GNDA 
pin. This minimizes the interaction of ground return 
currents flowing through a common bus impedance. 
0.1F supply decoupling capacitors should be con- 
nected from this common ground point to VCC and 
VBB as close to the device as possible. 


For best performance, the ground point of each 
CODEC/FILTER on a card should be connected to 
acommon card ground in star formation, rather than 
via a ground bus. This common ground point should 
be decoupled to VCC and VBB with 10uF capaci- 
tors. 


For best performance, TSx should be grounded if 
not used. 


Figure 4 : Typical Asynchronous Application. 


MCLKp/PDN 


Note 1: Transmit gain = 20 x log (aca (R14 R2)> 10 k2 


Note 2: Receive gain - 20 x log Crs ). R4>10 kD 
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L3000N 
L3030 


SUBSCRIBER LINE INTERFACE KIT 


e PROGRAMMABLE DC FEEDING RESIS-TAN- 
CE AND LIMITING CURRENT (four values avai- 
lable) 

e THREE OPERATING MODES : 

STAND-BY, CONVERSATION, RINGING 

ns NORMAL/BOOST BATTERY, DIRECT/REVER- 

SE POLARITY 

SIGNALLING FUNCTION (off-hook/GND-key) 

s FILTERED OFF-HOOK DETECTION _ IN 
STAND-BY (10ms) 

a QUICK OFF-HOOK DETECTION IN CONVER- 
SATION (< 1ms) FOR LOW DIAL PULSE DE- 
TECTION DISTORTION 

a HYBRID FUNCTION 

RINGING GENERATION WITH QUAS] ZERO 

_ OUTPUT IMPEDANCE, ZERO CROSSING IN- 
JECTION (no ext. relay needed) AND RING 
TRIP DETECTION 

ae AUTOMATIC RINGING STOP WHEN OFF- 
HOOK IS DETECTED 

e PARALLEL AND SERIAL DIGITAL INTERFA- 

CES 

TELETAXE SIGNAL INJECTION (2Vrus/5Vrms) 

LOW NUMBER OF EXTERNAL COMPO- 

NENTS 

es GOOD REJECTION OF THE NOISE ON BAT- 
TERY VOLTAGE (20dB at 10Hz and 35dB at 
1kHz) 

n POSSIBILITY TO WORK ALSO WITH HIGH 
COMMON MODE CURRENTS 

a INTEGRATED THERMAL PROTECTION WITH 
THERMAL OVERLOAD INDICATION 

ns SURFACE MOUNT PACKAGE 
(PLCC44 + PowerSO-20) 


DESCRIPTION 


The ST SLIC KIT (L3000N/L3030) is a set of solid 
state devices designed to integrate main of the fun- 
ctions needed to interface a telephone line. It con- 
sists of 2 integrated devices : the L3O000N line 
interface circuit and the L3030 control unit. 

This kit performs the main features of the BORSHT 
functions : 


. Battery feed 
. Ringing 


. - Bo alling 


January 1995 


PRELIMINARY DATA 


PLCC44 


PowerSO-20 


ORDERING NUMBERS : 
L3030 (PLCC44) 
L3000N (FLEXIWATT15) 
L3000NSO (PowerSO-20) 


Additional functions, such as battery reversal, extra 
battery use, line overvoltage sensing and metering- 
pulse injection are also featured ; most external 
characteristics, as AC and DC impedances, are pro- 
grammable with external components. The SLIC in- 
jects ringing in balanced mode and for that, as well 
as for the operation in battery boosted, a positive 
battery voltage shall be available on the subscriber 
card. As the right ringing signal amplification both in 
voltage and in current is provided by SLIC, the ring 
signal generator shall only provide a low level signal 
(0.285Vrms). 


This kit is fabricated using a 140V Bipolar technolo- 
gy for LSO00N and a 12V Bipolar AL technology for 
L3030. 

L3030 is available PLOC44 and L3S000N in both 
FLEXIWATT15 and PowerSO-20 for surface mount 
application. 

This kit is suitable for all the following applications: 
C.O. (Central Office), DLC (Digital Loop Carrier) and 
high range PABX (Private Automatic Branch Ex- 
change). 
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PIN CONNECTIONS (top view) 
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PIN DESCRIPTION (L3000N) 


| Name Description 


A line termination output with current capability up to 100mA (la is the current sourced 


from this pin). 


MNT | Positive Supply Voltage Monitor 


| 4 | MN 
ee BGND | Battery ground relative to the Ve+ and the Ve— supply voltages. 


VIN 


- give an image of the total battery voltage scaled by 40 to the low voltage part. 
- filter by an external capacitor the noise on Vp-. 


High precision scaled transversal line current signal. 
la + lb 


100 
Scaled longitudinal line current signal. 


ba 


14 17 I 
L= "400 
RING B line Cention output with current capability up to 100mA (lb is the current sunk into 
this pin). 


= [ate [NC [Wot connected —SS=C~“‘“S*S*S*S*S*SC“*‘“~“‘SCSSSSSN 


Notes: 1) Unless otherwise specified all the diagrams in this datasheet refers to the FLEXIWATT15 pin connection 


2) All informations relative to the PowerSO-20 package option should be considered as advanced information on a new product 
now in development or undergoing evaluation Details are subject to change without notice. 
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PIN DESCRIPTION (L3030) 


external components. 
- 5V 
és | vO i*OOC™~—SCTCTTTC(SN SY 
[6 | NG. |Notcomected SS COC~C“—~S*~“‘“‘;7;<CSSSStStStSCStSt””!STC*” 
| 8 | ACF | ACLine Impedance Synthesis 
| 9 | ZAC [AC Impedance Adjustement 


i TST These pins are connected internally for test purpose. It should not be used as a tie point 
42 for external components. 


VOUT Two wire unbalanced output. 
14 Capacitor Multiplier Input 
5 


17 
EIA 
19 
| 20) | = DIO | Datainpuvoutput 
DGND 
RGTTX 
Balancing Network 
39 for external components. 
for external components. 
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L3000N BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


Symbol | Parameter | Value Unit 
Negative Battery Voltage a a 


Vo+ Positive Battery Voltage 
| Mo-|+|Vo+| | Total Battery Voltage | | 
| Vai | Positive Supply Voltage 
[Ves [Negative Supply Volage SS SSC~<“~*~*~*‘“*~*~é~*SC“‘CSCNO™C™~*~*~*~™ 


Storage Temperature — 55 to + 150 


THERMAL DATA 


Symbol | Parameter | ate Unit 


L3000N HIGH VOLTAGE Flexiwatt PWS0O20 


Thermal Resistance Junction to Case Typ. 2 °C/W 
Rth j-amb Thermal Resistance Junction to Ambient °C/W 


L3030 LOW VOLTAGE 


Max. Resistance Junction to Ambient | 80—“‘it~i‘sSsC‘*@YSC 


OPERATING RANGE 


| Symbol | Parameter | CMin. | Typ. | Max. | Unit _| 
__Toser__| Operating Temperature Range | | 


< 


< 


< 


< 


< 


| Imax | TotalLine Current (IL+ IT) 8m 


FUNCTIONAL DESCRIPTION 


L3000N - High Voltage Circuit 


The L8000N line interface provides a battery fee- 
ding for telephone lines and ringing injection. The IC 
contains a state decoder that under external control 
can force the following operational modes : stand- 
by, conversation and ringing. 


In addition Power down mode can be forced con- 
necting the bias current resistor to Vpp or leaving it 
open. 

Two pins, IL and It, carry out the information concer- 
ning line status which is detected by sensing the line 
current into the output stage. 


The L3000N amplifies both the AC and DC signals 

entering at pin 6 (VIN) by a factor equal to 40. 

Separate grounds are provided : 

- Analog ground as a reference for analog signals 

- Battery ground as a reference for the output sta- 
ges 
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The two ground should be shorted together at alow 
impedance point. 


L3030 - Control Unit 


The L3030 low voltage control unit controls LSOOON 
line interface module, giving the proper information 
to set line feed characteristic, to inject ringing and 
TTX signal and synthetizes the line and balance im- 
pedances. An on chip digital interface allows a mi- 
croprocessor to control all the operations. L3030 
defines working states of line interface and also in- 
forms the card controller about line status. 


L3000N - Working States 


In order to carry out the different possible opera- 
tions, the L8000N has several different working sta- 
tes. Each state is defined by the voltage respectively 
applied by pins 27 and 28 of L3030 to the pins 11 
and 12 of L3O00N. 


Three different voltage levels (— 3, 0, + 3) are avai- 
lable at each connection, so defining nine possible 


OMSON 
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Table 1. 


Pin 27 of L3030 
Pin 11 of L3000 


Not allowed. 


states as listed in Table. 1. 


Appropriate combinations of two pins define the 
three modes of the ST SLIC, that are : 

a) Stand-by (SBY) 

b) Conversation (CVS), Normal and Reverse pola- 
rity 

c) Ringing (RING) 

d) Boost Battery (BB), Normal and Reverse polarity 
A fifth status, Power down (PD), can be set discon- 
necting the bias resistor (RH) from pin 10 of LZOOON 
by means of an external transistor. 

The main difference between Stand-by and Power 
down is that in SBY the power consumption on the 
voltage battery VB— (— 48V) is reduced but the 
L3000N DC feeding and monitoring circuits are still 
active. In PD the power consumption on VB- is re- 
duced to zero, and the L3000N is completely swit- 
ched off. 


The SBY status should be used when the telephone 


Figure 1 : DC Characteristics in Stand-by Mode. 


ITline(mfA) 


Iline = cost.=7mA 
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Polarity 


L3000N - L3030 


is in On hook and PD status only in emergency con- 
dition when it is mandatory to cut any possible dis- 
sipation but no operation are requested. 


OPERATING MODES 


Stand-by (SBY) Mode 


In this mode, the bias currents of both LSOOON and 
3030 are reduced as only some parts of the two cir- 
cuits are completely active, control interface and 
current sensors among them. The current supplied 
to the line is limited at 7mA, and the slope of the DC 
characteristic corresponds to : 


= é x (RFS + 2RP) 


The Line voltage in on Hook condition is just the bat- 
tery voltage minus the voltage drop (approx. 15V) of 
the output stage amplifiers (see Fig. 1). 


a5 1B =x QFS+2RP) 


Vline(V) 
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The AC characteristic is just the resistance of the 
two serial resistors RP. 


In Stand-by mode the battery polarity is just in direct 
condition, that is the TIP wire more positive than the 
RING one ; boost battery is not achievable. There 
are two possible line conditions where the SLIC is 
expected to be in stand-by mode : 


1) ON-HOOK (line < 5mA). Normal on-hook 
condition. 

2) OFF-HOOK (line > 7MA). Handset is unhooked, 
the SLIC is waiting for command to activate 
conversation. 


When the SLIC is in stand-by mode, the power dis- 
sipation of L3000N does not exceed 120mW (from 
-48V) eventually increased of a certain amount if 
some current is flowing into the line. 

The power dissipation of L3030 in the same condi- 
tion, is typically 120mW. 


The Stand-by Mode is set when the byte sent to the 
L3030 Serial Digital Interface has the first two bits 
(BITOR and BIT7R) equal to "0". 


Setting to 0 all the 8 bits of the command sent to the 
digital interface of L3030, the bias currents of both 
L3000N and L3030 are reduced and only some 
parts of the two circuits are active similarly to the 
stand-by mode ; in this situation, named power- 
down denial, the line sensors are disabled 
(ON/OFF-HOOK line conditions cannot be recogni- 
zed) and the current supplied to the line is limited at 
0.25mA. 


Conversation (CVS) or Active Mode 


In conversation mode itis possible to select between 
two different DC Characteristics by the BITSR of the 


Serial Interface. 


1) Normal Battery (NB) 
2) Boost Battery (BB) 


It is also possible to select (BIT4R) the polarity of the 
DC line voltage and (BIT6R-BIT7R) one of the four 
values of limiting current (25mA or 30mA or 45mA 
or 70mA). 


Battery reverse can take place either before or du- 
ring conversation. 


As far as the DC characteristic in Normal Battery is 
concerned, three different feeding conditions are 
present : 


a) current limiting region ; the DC impedance of the 
SLIC is very high (> 20 Kohm) and therefore the 
system works like a current generator, the current 
value being set through the digital interface 
(25/30/45/70mA). 

standard feeding system region ;_ the 
characteristic is equal to a— 48V (— 60V) battery 
(note 1), in series with two resistors, whose value 
is set by external components (see external 
component list of L3030). 

low impedance region ; the battery value is 
reduced to 33V (45V) and the serial resistance is 
reduced to the value specified in stand by mode, 


thatis : - x (RFS + 2RP) 


oO 
— 


2) 
— 


Switching between the three region is automatic wi- 
thout discontinuity, and depends on the loop resi- 
stance. Fig. 2 shows the DC characteristic in normal 
battery condition. 


When the boost battery condition is activated the low 
impedance region can never be reached by the sy- 


Figure 2 : DC Characteristic (n.b.) ILim = 25/30/45/70 mA. 


ITline(mA) 


M89L3838-85 


Note: 


Vline(v) 


1. This value of voltage battery, named apparent battery, is fixed internally by the control unit and is independent of the actual battery 


value. So, the voltage drop in the low impedance region is 15V. It is also possible to increase up to 25V this value setting BITSR to 1. 
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stem ; in this case the internal dropout voltage is 
equal to 30V. 


Fig. 3 shows the DC characteristic in boost battery 
condition. 


In conversation mode, on request of control proces- 
sor, whatever condition is set (normal or boost bat- 
tery, direct or reverse polarity), you can inject the 
12kHz (or 16kHz) signal (permanently applied at the 
pin 33 with 950mVrms typ. amplitude), as metering 
pulses. A patented automatic control system adjust 
the level of the metering signal, across the line, to 
2Vrms setting BIT3 = 0, or to 5Vrms setting BIT3 = 
1 ; this, regardless of the line impedance. Moreover 
the metering signal is ramped at the beginning and 
at the end of each pulse to prevent undesirable clic- 
king noise ; the slope is determined by the value of 
CINT (see the external component list of L3030). 
The SLIC also provides, in the transmit direction 
(from line to 4-wire side), an amplifier to insert an ex- 
ternal notch filter (series resonator) for suppressing 
the 12/16kHz residual signal. 

Fig. 4 shows a suggested notch Filter configuration. 


The metering pulses can be injected with a DC line 
current equal to zero (ON-HOOK Operation). 


If teletax is not used the notch filter can be replaced 
by a 1KQ resistor. 


Inconversation mode the AC impedance at the line ter- 
minals, ZML, is synthetized by the extemal components 
ZAC and RP, according to the following formula : 
ZML = ZAC + (RP1 + RP2) 

Depending on the characteristic of the ZAC network, 
ZML can be either a pure resistance or a complex im- 
pedance, so allowing ST SLIC to meet different stand- 
ards as far as the return loss is concerned. The 
capacitor CCOMP guarantees stability to the system. 
The two-to-four wire conversion is achieved by me- 
ans of a Wheatstone bridge configuration, the sides 


Figure 4 : External Teletaxe Filter. 
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of which being: 

1) the line impedance (Zline), 

2) the SLIC impedance at line terminals (ZML), 

3) the network ZA connected between pin 36 and 41 
of L3030 (see external component list of L8030), 

4) the network ZB between pin 36 and ground that 
shall copy the line impedance. 


For a perfect balancing, the following equation shall 
be verified : 

ZA _ ZML 

ZB Zline 


It is important to underline that ZA and ZB are not 
obliged to be equal to ZML and to Zline, but they 
both may be multiplied by a factor (up to ten) so al- 
lowing use of smaller capacitors. 


In conversation, the LSO0ON dissipates about 250mW 
for its own operation ; the dissipation depending onthe 
Current supplied to the line shall be added. 


The fig 5 and fig 6 show the DC characteristic for two 
different Feeding resistance. 
2 x 200 Ohm and 2 x 400 respectively. 


Figure 3 : DC Characteristic (b.b.) 
ILim = 25/30/45/70 mA. 


Tline(mA) 


Tline-cost. 
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Figure 5 : DC Characteristic for 2 x 200 ohm Feeding System. 
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Figure 6 : DC Characteristic for 2 x 400 ohm Feeding System. 
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Figure 7 : Line Current Versus Loop Resistance, RFS = 200Q, Rp = 30Q, Va—- = —48V. 
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Ringing Mode 

When ringing is selected (BIT2R= 1, BITOR =0), the 
control unit L3030 presets the L3000N to operate 
between — 48V (— 60V) and + 72V (+ 60V) battery. 
Then, setting BIT1 =1, alowlevel signal (0.285Vrms 
with frequency range 16-66Hz) applied to pin 41, is 
amplified and injected in balanced mode to the line 
through L3O0ON with a superimposed DC voltage of 
24V. The impedance to the line is given by the two 
external resistors and the 24V DC polarity can only 
be direct. 


The first and the last ringing cycles are synchronized 
by L3030 so that ringing always starts and stops at 
zero crossing. Ring trip detection is performed au- 
tonomously by the SLIC, without any particular com- 
mand, using a patented system ; when handset is 
lifted, SLIC suspends the ringing signal just remai- 
ning in the ringing mode. In this condition, the control 
unit L3030 checks that the loop is closed for a time 
equal to two periods of the ringing signal ; if the clo- 
sure is confirmed, a flag (BITOT = 1) is set and the 
SLIC waits the new command from the control pro- 
cessor. Whereas the loop closure is not confirmed, 
the ringing signal is newly applied to the line, without 
setting BITOT. 


DIGITAL INTERFACE 


Functional Description 


The L3030 states and functions are controlled by 
central processor through five wires defining a digi- 
tal interface. It is possible to select the interface wor- 
king mode between SERIAL or PARALLEL (pin 33 
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tied to a voltage between 4 and 5V). 


1) Serial Mode 


The five wires of the digital interface have the follo- 

wing functions : 

- clock (DCLK), entering at pin 21 

- data in/data out (DIO), exchanged at pin 20 

- input/output select (EIA), entering at pin 18 

- chip select (NCS), entering at pin 19 

- change NCS from in to out (Cl), entering at pin 26 
(note 1) 


The maximum clock frequency is 600Khz. 


When EIA signal is low data are transferred from the 
card controller into !/O registers of the L3030 selec- 
ted by NCS signal tied at low level ; then data are 
latched for execution. In this phase a complete 8 bit 
word is loaded into internal register and consequen- 
tly NCS signal must remain low for the correspon- 
ding 8 clock pulses (DCLK). The EIA signal must 
remain at low level at least for the time in which NCS 
signal remain low. The device load data in input re- 
gister during the positive edge of clock signal 
(DCLK) and store the contents of the register on the 
positive edge of NCS signal. 


When EIA signal is high data are transferred from 
the L3030 selected by NCS tied to low level to the 
card controller. The L3030 status is described by 
five bits contained in the output register ; the NCS 
signal can remain low for five or less clock pulses de- 
pending if the card controller want to read the com- 
plete L3030 status or only a part of it. 


Fig. 8, 9 showthe complete write and read operation 
timing. Table 1 shows the meaning of each bit of an 
I/O data. 
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Table 1 : Serial Mode. 


Value 


Data in (note 2 


) 
BITOR = Impedance (note 3) 0 - Stand-by/ringing 


1 - Conversation 


BIT1R = TTX & Ring Timing (note 4) 0 - Timing off 

BIT2R = Ring (note 5) 0 - TTX Signal Injection 
BIT3R = TTX Level 0 - Low Amplitude (2Vrams) 
BIT4R = Battery Polarity 0 - Normal Polarity 

BIT5R = Extra Feeding 0 - Normal Battery 


eee 25mA 30mA 45mA 70mA 
BIT7R g 0 { ‘ 5 


Data Out (note 6) 


BITOT = Line Supervision 0 - On Hook 


1 - Off Hook 
BIT1T = Ground Key 1 - Long. Line Current < 17mA 
BIT2T = Internal Line Current Limiter (note7) 0 - Off 

1-On 


BITST = Line Voltage 0 - Normal 
1 - Minus of Half Battery 
BIT4T = Thermal Overload (note 8) 1 - Off 


Notes : 1. When Cl signal is tied to low level, NCS signal is the chip select input ; with Cl signal at high level, the NCS signal 

becomes an output that carry out the logical sum of the following bits : BITOT, BIT1T. 

2. The description of the commands is referred to the system L3030 + LINE INTERFACE module. 

3. To set SBY mode with lim = 7mA : BITOR = 0 and at least one of the two last bits (BIT6R ; BIT7R) must be set to 1. 

4. TTX and RING signals are injected into the line interface module with BIT1R to "1". 

5 To set RING mode at least one of the three last bits (BIT5R, BIT6R, BIT7R) must be set to 1, in addition BITOR 
must be set to 0. 

6. The description of the commands is referred to the system L3030 + LINE INTERFACE module. 

7. The bit BIT2T is set to 1 when the SLIC is operating in Conversation Mode and into the limiting current region (short 
loop). 

8. The bit BIT4T is set to 1 when the junction temperature of L3O0ON is about 140°C. 
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Figure 8 : Writing Operation Timing (serial mode). 
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2) Parallel Mode 


This operating mode is enabled connecting pin 33 
to avoltage in the range from 4V to 5V. The five wire 
have the following functions : 

- power down/feeding (EIA), entering at pin 18 

- timing (Cl), entering at pin 26 

- ring (DCLK), entering at pin 21 

- on-hook/off-hook (NCS), outgoing at pin 19 

- ground-key (DIO), outgoing at pin 20 


Table 2 : Parallel Mode. 


pin [a | Meaning ote) | Eq BiolSer ine [Vas 
18 | EIA | PD/feeding BITOR 
a a a 
26 Cl | Timing BITIR 
ee rio 
of DCKL | Ring BITR 
te 


BIT3R 0 : Low Amplitude 
BIT6R 0: 
4: Line Curr. = 30mA 
es ee 
1 : 


In this operating mode the signals at the inputs are 
immediately executed, without any external clock ti- 
ming ; all the internal registers are bypassed. The in- 
formations sent back on pins 19 and 20, display in 
real time the setting of internal circuits, that means 
line status. In the table 2 the correspondence bet- 
ween the interface wires in the parallel mode and 
equivalent bit in serial mode is pointed out ; where 
there isn’t this correspondence, the internal setting 
is shown. 


BITOT 


BIT1T 


DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS 
(Vpp = + 5V, Vss = — 5V, Tamb. = 25°C) (refer to PLCC44 package) 


[Symbci [Parameter + __Test Conditions | in | Typ | Wax. | Unit 


STATIC ELECTRICAL CHARACTERISTICS 


Vil Input Voltage at Logical "0" 
Vih 
lih 
Vol 
Voh 
IIk 


pk Tristate Leak. Current 


Pins 18, 19, 20, 21, 26 
Input Voltage at Logical "1" a area 


aa 
< Peo | 
Ta ae mee 
[put Curent at togial"® ——ifvn=ev SSCS 
[vor | ouput Votage at toial"0" | Fine, 20 wut =— ima | | 
or | ouput Votage at Logiat"7” | Fine 19, t= ima | 2a | 

pPnowes=" sf 
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DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS (continued) 


“Symboi [Parameter _———~+(| ‘Test Conditions | Min. | Typ. | Max | Unit | 


DYNAMIC ELECTRICAL CHARACTERISTICS 


Clock Frequency 
Clock Rise and Fall Time 


"0" EIA to DCKL Set up Time 
DCKL to NCS Delay (+ edge) 
Data in Set up Time 

Data in Hold Time 

NCS to DCKL Hold Time 

"0" EIA to DCKL Hold Time 
"1" EIA to DOKL Set up Time 
Data out to "0" NCS Delay 


"{" EIA to DOKL Hold Time 
Data out to "1" NCS Delay 


"0" Cl to NCS Hold Time 


OPERATION DESCRIPTION conversion). It is usually a complex impedance. 

, - the ringing signal frequency Fr (ST SLIC allows 

ee eee the following parameters frequency ranging from 16 to 66H). 

= - the metering pulse frequency Ft (two values are 
- the DC feeding resistance RFS, defined as the re- Ly « 
.; < possible : 12kHz or 16KHz). 
sistance of each side of the traditional feeding sy- 
stem (most common values are 200, 400 or 500 
ohm). 

- the AC impedance atline terminals, ZML, to which 
the return loss measurement references. It can be 
real (typically 600 ohm) or complex. 

- the equivalent AC impedance of the line Zline, On this assumptions, the following component list is 
when evaluating the trans hybrid loss (2/4 wire defined. - 


- the value of the two resistors RP1/RP2 in series 
with the line terminals ; main purpose of the a.m. 
resistors is to allow primary protection to fire. ST 
suggest the minimum value of 50 ohm for each 
side. 
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EXTERNAL COMPONENT LIST FOR THE LINE INTERFACE 


Component : 
P Involved Parameter or Function 
Value 


L3000N 
24k E 1% 


RREF 


10 i j 
18 
eDvB 
Cvs 
cvE- 0:1uF — 100V (2 
5 BAT 40x 


Oves 
cvoD 
R 


1 AC Path decoupling 
Bren) 6.28 x 250 x (ZAC + RDC) 


DC 
CAC2 CAC1 
C ZML — (RP1 + RP2 2 Wire AC impedance 
PC 
B 


L3030 (PLCC44) 
4-3 


ih 
a) 


—_—, 
S[  Wyaln 
ap oo 


) : 
CCOMP 1/(6.28 x 150000 x (RPC)) AC loop compensation 
RP1 + RP2 Rp insertion loss compensation 


: 


K x Zline (note 4) Line Impedance Balancing Network 


36-41 ZL K x RPC in Series with SLIC Impedance Balancing Network (note 5) 
K x ZAC // (CCOMP/K) 
(note 6) Ring trip detection time constant 
15-16 0.15uF (note 7) Interface Time Constant 


35 TTx FILT. Zrx = 1kQ 1% in speech band | Teletax filter 
Zttx = 0Q at TTX freq. (note 9) 


Retx 10kKQ 1% Teletax filter. 


Notes 
1. In case line cards with less than 7 subscribers are implemented CVB- capacitor should be equal to 680nF/N where 
N is the number of subscriber per card. 
2. This shottky diode or equivalent ts necessary to avoid to damage to the device during hot insertion or in all those 
cases when a proper power up sequence cannot be guaranteed. 
In case the shottky diode is not implemented the power sequence should guarantee that VB+ is always the last 
supply applied at power on and the first removed at power off. 
In case an other shottky diode type is adopted it must fulfill the following characteristics: 
Ve < 450mV @ Ir=n 15mA, Tamb = 25°C 
Ve < 350mMV @ Ir = n- 15mMA, Tamb = 50°C (Tyt3000 = 90°C) 
Ve < 245mV @ Ir =n- 15mA, Tamb = 85°C (Tyt3000 = 120°C) 
Where n is the number of line sharing the same diode. 
3. If the internal capacity multiplier stage is not used, pin 7 must be connected with pin 14 without mounting RR and 
CAC2. In this case CAC1 = 1/(6.28 x 30 x RDC). 
4. The structure of this network shall copy the line impedance, in case multiplied by a factor K = 1....10 
5. K as fixed at note 4. 
6. CINT can have the following values : 
CINT (nF) 
7. Gcon is necessary to work “without on/off hook detection-errors" during TTX-pulses. 
8. RR ts used by a capacitor multiplier circuit to synthetize an higher AC/DC splitting capacitor starting from CAC1 
and CAC2. Supposing CAC1 = CAC2 = CAC the synthetized capacitor value will be equal es CAC. 
9. If Teletax is not used the TTX FILT. can be replaced by a 1kQ resistor. 
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Figure 10 : Typical Application Schematic Diagram. 
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Figure 11 : Typical Application Schematic Diagram without Capacitor Multiplier. 
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ELECTRICAL CHARACTERISTICS (refer to the test circuits of the Figure 12, Vpp = + 5V, Vss = - 
5V, Vet = + 72V, Ve— =— 48V, Tamb = + 25°C, TTX FILT = 1kQ) 


[Symbor [Parameter (| ___‘Test Conditions | win | Typ | Max | Unit 


STAND-BY 


Vis Output Voltage at L3000N lline = OMA 
Terminals lline = 5mA 
Short Circuit Current DATA IN (note 1) OOOX00X1 
On/off-hook Detection Threshold Pan og aad 


Symmetry to Ground lline = OMA 


STAND BY DENIAL 


licc | Short Circuit Current DATA IN 000X00X0 ee ee 


DC OPERATION - NORMAL BATTERY (Vrrx = 2Vawms, low level) 


Vio Output Voltage at L3000N lline = OMA 31.0 
Terminals llim = 70mA Data in lline = 20mA 24.0 
1000X010 lline = 50mA 


2.5 
llim Current Programmed Through — 10% llim + 15% mA 
the Digital Inter. 


IIgk Longitudinal Line Current with 10 17 26 mA 
GK Detect 


DC OPERATION - BOOST BATTERY . 
Vio Output Voltage at L3000N lline = OMA 86 95.6 V 
Terminals lline = 20mMA 68.6 81 V 
AC OPERATION 
Ztx Sending Output Impedance 10 Q 
4 Wire Side 
Zrx Receiving Input Impedance 100 kQ 
4 Wire Side 
THD Signal Distorsion at 2W and 4W 0.5 % 
Terminals 


[aw Retwnioss _———«di = aooww aaoore ———~«|-@e | —«dYStid Ca 
th | Trans Hybrid tose ‘|= s00teai00He ~~; ae ||| 


Gs Sending Gain Vso = 0dBm f = 1020Hz 
Norm. Polarity — 0.25 
Gsf Sending Gain Flatness versus f = 300 to 3400Hz Respect — 0.1 
Frequency to 1020Hz 
Gsl Sending Gain Linearity fr = 1020Hz, ~ 0.1 
Vsoref = -10dBm 
Vso = + 4 /— 40dBm 
Gr Receiving Gain Vri = OdBm f = 1020Hz 
Norm. Polarity — 0.25 
Gri Receiving Gain Flatness f = 300 to 3400Hz Respect — 0.1 
to 1020 


Notes : 1. The data into the digital interface of L83030 are send in serial mode. The format of data is the following : 
a) DATA IN : the bit at left side is BIT 0 of the writing word, while the bit at the right side is BIT 7. 
b) DATA OUT : the bit at the left side is BITO of the reading word, while the bit at the right is BIT4. 
When appear a symbol X, the value of the bit don’t care. 


af 
: © 
earn 
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ELECTRICAL CHARACTERISTICS (continued) 


[Symbol | Parameter | Test Conditions | Min. | Typ. | Max. | Unit _ 


AC OPERATION (continued) 


Gri Receiving Gain Linearity fr = 1020Hz, Vriref = - 10dBm | — 0.1 
Vri= + 4 /—-40dBm 
Np4w_ | Psophometric Noise at 4W-Tx —75 | —70 | dBmp 
Terminals 


Np2W_ | Psophometric Noise at Line Terminals 


Relative to VB— 
f= 3400H2 [| =80 | =26 | 
ick P| 82 |= 30 [a8 
ee Coes et ee i | 
[ta [Propagation Time | Both Direcion =| S| S| | ns 
[Tad _[Propag. Time Distonion | SSSC™~—~—SC“‘iS*‘(C;C‘C Ys 


Vttx Line Voltage of Teletaxe Signal VitTxin = 950mMVrms Note 2; 1.7 2.3 V 
Note3| 4.5 3:5 V 


AC OPERATION BOOST BATTERY 


Gs Sending Gain Vso = 0dBm f = 1020Hz 
Norm. Polarity — 0.16 | + 0.34 
Gr Receiving Gain Vri = OdBm f = 1020Hz 
Norm. Polarity — 0.27 | + 0.08 | + 0.43 
Np4W_ | Psophometric Noise at 4W-Tx — 73 dBmp 
Terminals 


| Np2W | Psophometric Noise atline Terminals | || 78 | ~ 68 |B 


SVRR_ |! Relative to Vdd f = 3400Hz — 23 
Vs = 100mVrms 


SVRR_ i} Relative to Vss 
19 23 27 V 
17 21 25 V 


RINGING PHASE 

Rloop = 1kQ 
[Vacr [Ringing Signal atLine Termin. | Rloop= thai ———~—=« 88 || —_—~* rms 
Pf [DOOF-hookDet. Thestoid | SSS~—SSTSC*d;C | 
| im [Currentlimit, 88 180 | ma 
Pvis_[Ringing Simmety | SSSSCS™~™~SSSCSCdSS*dSC Wm | 


THDr_ | Ringing Signal Distortion Vac = 0.285Vams 5 % 
frinc = 30Hz 


Notes : 1. Up to 52dB using selected L3000N. 
2. The configuration of data sent to device change, every 100mS, from - 1100X010 - to - 1000X010 - 
3. The configuration of data sent to device change, every 100mS, from - 1101X010 - to - 1001X010 - 
4. Error generated by ttx filt # 0 ohm, on the output teletax amplitude is err% = 100 x (1 + A) x B/C where A = 10 
Kohm/RGTTX[Kohm], B = TTXFILT[Kohm], C = (TTXFILT[Kohm] + 1 Kohm), for example 10 ohm means err% = 2%. 
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ELECTRICAL CHARACTERISTICS (continued) 


[Symbot| Parameter ———~=«|~~CTest Conditions | Min. | Typ. | Max. | Unit 


RINGING PHASE 


Ringing Amplif. Input Impedance Pin 41 of L3030 | 100 | =| | ka 


Residual of Ringing Signal at TX mvV 
Output 
a Ring Trip Detection Time ro ms 
fring = 16Hz (1T) (2T) 
Off-hook Status Delay after the T = tring a ms 
Ringing Stop 
| ae | Cut off of Ringing Ring Trip not Confirmed aera 


SUPPLY CURRENT 


Positive Supply Current CS = 1 Stand-by 16.0 | 20.0 
Conversion (NB/BB) 26.0 | 31.0 
Ringing 16.5 | 21.0 
Negative Supply Current CS = 1 Stand-by 
Gonversalion (NB/BB) 
Ringing 


Negative ae Supply Current Line Stand-by 

Current = Conversation NB 
Conversation BB 
Ringing 

Positive Battery Supply Current Line Stand by 

Current = OmA Conversation NB 
Conversation BB 
Ringing 


NB = Normal Battery 
BB = Boosted Battery 


Figure 12 : Slic Test Circuit Schematic. 
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TS5070 VRING= 
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@ [ed 


TO/FROM CARD CONTROLLER 


(*) The analog multiplexer can be avoided if the Vaing = 285MVpms Is provided by the CODEC 
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(‘) Resistors R1 to R4 program IX/RX gains ZA, ZB shold be >>than R2 
("*) The analog multiplexer can be avoided If the Vaing = 285MVpys ts provided by the CODEC 
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APPENDIX 


SLIC TEST CIRCUITS 


Referring to the test circuit reported at the end of each SLIC data sheet here below you can find the proper 


configuration for each measurement. 

In particular : A-B : Line terminals 
C : TX sending output on 4W side 
D : RX receiving input on 4W side 
E : TTX teletaxe signal input 
Rain : low level ringing signal input. 


TEST CIRCUITS 
Figure 1 : Symmeiry to Ground. 
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Figure 2 : 2W Return Loss. 
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Figure 4 : Sending Gain. 
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TEST CIRCUITS (continued) 
Figure 5 : Receiving Gain. Figure 6 : SVRR Relative to Battery Voltage VB-. 
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Figure 8 : Transversal to Longitudinal Conversion. 
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SUBSCRIBER LINE INTERFACE CIRCUIT 


s MONOCHIP SILICON SLIC SUITABLE FOR 
PUBLIC/PRIVATE APPLICATIONS 

s IMPLEMENTS ALL KEY FEATURES OF THE 
BORSCHT FUNCTION 

s METERING PULSE INJECTION AND FILTER- 
ING WITH MINIMAL COMPONENTS COUNT 
(NO TRIMMING REQUIRED). 

» PROTECTION RESISTOR MISMATCH COM- 
PENSATION 

» ON HOOK TRANSMISSION 

s LOOP START/GROUND START FEATURE 

» IND TEMP. RANGE (-40°C to +85°C) 

s LOW POWER DISSIPATION IN ALL OPER- 
ATING MODES 

» INTEGRATED ZERO CROSSING RELAY 
DRIVER 

2 INTEGRATED (NOISE-LESS) RING TRIP DE- 
TECTION 

VERY LOW NO. of STD TOLERANCE EX- 
TERNAL COMPONENTS 

» OPTIMIZED FOR U.S. APPLICATIONS (63dB 
TYP. LONG. BALANCE WITH L3035). 

SURFACE MOUNT PACKAGE (PLCC44 or 
PQFP44) 


BLOCK DIAGRAM 


CRT 


INTERFACE 
B 
DECODER 


ACFD RS CAC RTTX 


September 1994 


BIAS 
SUITCHING 


PRELIMINARY DATA 


~ 


tS 


“ g 
XS 
4 
t 


PLCC44 PQFP44 (10x10) 

ORDERING NUMBERS: 
L3035 
L3036 


L3036Q 


a INTEGRATED THERMAL PROTECTION 


DESCRIPTION 


The L3035/6 subscriber line interface circuit is a 
bipolar device in 70V technology developed for 
central office / loop carrier and private applications. 


The only difference between L3035 and L3036 is 
that the L3035 has a better longitudinal balance 
performance allowing it to meet the United States 
BELLCORE requirements for central office/loop 
carrier and private applications 


The SLIC integrates loop start, ground start, 
ground key on/off-hook, automatic ring-trip as well 
as zero crossing ring relay driver. 


RGIN 


LINE 
INTERFACE 


MNI2ZLIAIT- G1 


IREF VCC VSS AGND 
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L3035 - L3036 


PIN CONNECTIONS (Top view) 


PLCC44 PQFP44 


1321 3835-02 


ABSOLUTE MAXIMUM RATINGS 


Symbol 
Battery Voltage -64 to Vss+0.5 


cc Positive Supply Voltage (0 to 1ms) 
(continuous) -0.4 to +5.5 
ss Negative Supply Voltage (0 to 1ms) -7 to +0.4 
(continuous -5.5 to +0.4 
T 
u 


Agnd Respect Bgnd (continuous) -2 to+2 
band 


V 

V 

Vv 
Ring Relay Supply Voltage 
Digital /O DO, D1, GST, LIM, ODET, OGK 0.4 to +5.5 
| Ig | Digital VO DO, D1, GST, LIM, ODET, OGK 
Lr es Maximum Junction Temperature 
Storage Temperature -55 to +150 
5 to 95 


Note: In case of power on, power failure or hot insertion with Vpp, Vss present and Vbat floating the Absolute Maximum Ratings can be exceeded 
with Vbat > Vss +0.5V. In this case the power consumption of the device increases and the logic output state including relay driver are 
not controlled. This effect can be prevented ensuring that Vbat 1s always present before Vpp and Vss or connecting one shottky diode 
(e.g. BAT49X or equivalent) between Vbat and Vss. One diode can be shared between all the SL!Cs of the same line card. 


OPERATING RANGE 
°C 
V 


Vbgnd 


THERMAL DATA 


| Symbol Parameter parpaa | piccaa | unit | 
Thermal Resistance Junction-ambient Max. °C/W 
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L3035 - L3036 


PIN DESCRIPTION 
Unless otherwise specified all the diagrams in this datasheet refers to the PLCC44 Pin Connection. 


i —— 


PQFP44 | PLCC44 
No. 


39 
4 
4 


1 Positive Power Supply (+5V) 


as [5 | ease [onertorastenaivensorime 
ee ee |Batieyground 


VREG | Regulated Voltage. Provides negative power supply for the power amplifier. 
(connected to emitter of the external transistor.) 
STIP | Input of A power amplifier (when no compensation of ext. ptc resistor mismatch is 
requested it must be shorted to the TIP lead). 
Stach TIP | Aline termination output (la is the current sourced from this pin). 


10 to 14 Battery Supply (All pins are internally connected together) 
32 to 36 


RING | Bline termination output (Ip is the current sunk into this pin 
16 SRING | Input of B power amplifier (when no compensation of ext. ptc resistor mismatch is 
requested it must be shorted to the RING lead). 
Ring trip and ground key capacitor 


ODET | ON/OFF hook and RING TRIP output (when disable is internally pulled up 


RGIN | Ring input signal. (when open is internally pulled to =a 


A open command (when open is internally pulled ao 


— 


. 
. 
. 
. 
e 
. 
. 
. 


it O 
Current Limitation Program. (when open is internally forced to 44mA current limitation) 
Negative Power Supply (-5V) 
REL | Ring relay driver output 
eserved should be connected to AGND 
Ground reference for ring relay driver 
AC feedback input (ACDC split capacitor is connected from this node to ILTF 
Protection resistors image (the image resistor is connected from this node to ACFD 


31 ZB Balance network for 2 to 4 wire conversion (the balance impedance Zp is connecetd 
from this node to AGND. The Za impedance is connected from this node to Zac 


TX 4 wire output port (Tx output 
Rx 4 wire receiving port. Was input) 


z }_Z20__| Px buf ouput (he AC impedance is connected from tis node to ACEO) —_| 


+ Not connected 
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DESCRIPTION (continued) 


L3036 is available in two different package op- 
tions: PLCC44 and PQFP44(10 x 10). 


Two to four wire conversion is implemented by the 
SLIC for applications with first generation COMBO. 
In case of application with second generation (pro- 
grammable) COMBO this function can be imple- 
mented outside saving external components. 


The L3035/6 offers programmable current limita- 
tion (8 ranges), on hook transmission and low po- 
wer in all operating modes, power management is 
controlled by a simple external low cost transistor. 


Metering pulses are injected on the line via a sum- 
ming node through TTXIN pin. 

Metering pulse filtering is performed by means of a 
simple RC network with standard tolerance compo- 
nents. When TTX function is not used this pin must 
be connected to AGND. It is also possible to use this 
pin to modify the DC voltage drop between TIP/RING 
terminals and battery voltage for appications where it 
is important to optimize the battery voltage supply 
versus the signal swing. 

Effects of protection resistor mismatch are compen- 
sated by a feedback loop on the final stage, allo- 
wing good longitudinal balance performance even 
with large tolerance protection resistors (ex: PTC). 


This function allows L3035 to fully conform to 
BELLCORE power cross and surge tests and 
also meet the Longitudinal Balance Specification 
without using matched PTC resistors. 


An integrated thermal protection circuit forces the 
L3035/6 into POWER DOWN (PD) mode when 
the junction temperature exceeds 150°C Typ. 


L3035/6 is specified over a -40°C to +85°C am- 
bient temperature range. 
L3035/6 package is a surface mount 44PLCC. 


FUNCTIONAL DESCRIPTION 


L3035/36 is designed in 70V bipolar technology 
and performs the telephone line interface fun- 
ctions required in both C.O. and PABX environ- 
ments. The full range of signal transmission, bat- 
tery feed, loop supervision are performed. 


Signal transmission performance is compatible 
with European and North American Standards 
and with CCITT recommendations. 

Ringing, overvoltage and power cross protection 
are performed by means of external networks. 


The signal transmission function includes both 2 
to 4 wire and 4 to 2 wire conversion. The 2W ter- 
mination impedance is set by means of an exter- 
nal impedance which may be complex. The 2 to 4 
wire conversion is provided by means of an exter- 
nal network. 


Such a network can be avoided in case of appli- 
cations with COMBOII, in this case the 2 to 4 wire 
conversion is implemented inside the COMBOI| 
by means of the programmable Hybal filter. 


An additional input allows a metering pulse signal 
to be added on the line. 


The DC feed resistance is programmable with 
one external resistor. Three different values of 
current limitation (25, 43, 56mA)can be selected 
by software through the parallel digital interface. 


One external transistor reduces the power dissi- 
pation inside the L3035/6 in the presence of a 
short loop (limiting current region). 


An additional supervisory function sets the TIP 
lead into high impedance state in order to allow 
application in ground start configurations. 


The different L3035/6 operating modes are con- 
trolled by a 4bit logic interface, two additional de- 
tector outputs provide ground key detection and 
either hook state or ring trip detection. 


SLIC OPERATING MODES 


Through the L3035/6 digital interface it is possible 
to select 5 different SLIC operating modes: 


1) Active Mode (ACT) 

2) Standby Mode (SBY) 

3) Tip Open Mode (TO) 

4) Power Down Mode (PD) 
5) Ringing Mode (RNG) 


ACTIVE MODE (ACT) 


This operating mode is set by the card controller 
when the Off-Hook condition has been recognized. 


When this operating mode is selected the two out- 
put buffers (TIP/RING) can sink or source up to 
100mA each. In case of Ground key or line termi- 
nals to GND the output current is limited to 15mA 
for the Tip wire and 30mA for the Ring wire. 


As far as the DC characteristic is concerned three 
different feeding conditions are present: 


a) Current limiting region: the DC impedance of 
the SLIC is very high ( 20Kohm) and therefore the 
system works like a current source. Using the 
L3035/6 digital interface it is possible to select the 
value of the limiting current: 


25mA, 43mA, or 56mA. 


When the device is in limiting current region the 
negative supply for the output buffer is fixed by 
the ext. transistor to a proper value higher than 
the real negative battery in order to reduce the 
power dissipated by the L3035/6 itself. 


b) Resistive feed region: the characteristic is 
equal to a battery voltage (Vbat) in series with a 
resistor (typ 4000hm or 8000hm) whose value is 
set by one ext. resistor (See ext. components list). 


c) Constant voltage region: the characteristic is 
equal to the battery voltage - 12V in series with 
the ext. protection resistors (typ 800hm). 


This voltage drop between battery and line termi- 
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nals for II=0 allows on-hook transmission. 


Fig. 1 shows the DC characteristic in active 
mode. Fig. 2 shows the line current versus loop 
resistance 


Figure 1: DC Characteristic in active mode 


SLOPE:RDC/18+ 2Rp 


SLOPE: 2Rp 


(UBAT-12U) UBAT 
MSIL J8I3S~ GIB 


Figure 2: Current vs. Loop Resistance. 
Rfeed = 2 x 200ohm, 
Lim. currents: 25, 43, 56mA 


8.SK 1K 1.5K 2K 2.SK 3K RLIQ) 
MN92L IAIS~-84B 


In active mode the AC impedance at the line ter- 
minals is sinthetized by the external components 
ZAC and Rp according to the following formula: 
Zs = ZAC/50 + 2*Rp 

Depending on the characteristic of the ZAC net- 
work, Zs can be either a pure resistance or a 
complex impedance. This allows L3035/6 to meet 
different standards as far as return loss is concer- 
ned. The capacitor CCOMP guarantees stability 
to the system. 


The two to four wire conversion is achieved by 
means of a circuit that can be represented as a 
Wheastone bridge, the branches of which are: 


1) The line impedance (Zline) 
CONTROL INTERFACE 


| po | pi | est | Lim | 
X 


POWER DOWN 
STANDBY 
ACTIVE (25mA) 
ACTIVE (43mA) 
ACTIVE (56mA) 
RING 
A OPEN 


OPERATING MODE 


L3035 - L3036 


2) The SLIC impedance at line terminals (Zs) 


3) The balancing network ZA+RA connected 
between pin ZAC and ZB of L3035/6. 


4) The network ZB between pin ZB and GND 
that shall copy the line impedance. 


When L3035/6 is used with a second generation 
combo (eg TS5070FN) which is able to perform the 
two to four wire conversion, the two impedances 
ZA and ZB can be removed and the ZB pin con- 
nected to GND. The -6dB TX gain of the L3035/6 
allows the echo signal to remain always within the 
COMBOII Hybrid balance filter dynamic range. 


The injection of high frequency metering pulses is 
carried out through the SLIC. An unbalanced 12 or 
16KHz sinusoidal signal with shaping is, when ne- 
cessary, applied at the TTXIN input of the SLIC. 

A fixed transfer gain is provided for the metering si- 
gnal. To avoid saturation in the 4-wire side a can- 
cellation is provided in the 4-wire transmission path. 


Cancellation is obtained via an external RC net- 
work without the need for trimmed components. 


When the TTX function is not used TTXIN input 
should be connected to GND. Since this pin is di- 
rectly connected to a summing node inside the 
SLIC any signal applied to the TTXIN is transfer- 
red to the line with a fixed transfer gain. 

In special applications, this pin can be used to 
modify the voltage drop (constant voltage region 
of DC characteristic) simply by applying a proper 
DC level on the TTXIN pin, allowing optimization 
of the battery voltage versus the maximum nee- 
ded AC signal swing. 


In active mode, with a -48V battery voltage, the 
L3035/6 dissipates 150mW for its own operation 
(including the power dissipation from +5/-5 sup- 
ply), the dissipation related to the current supplied 
to the line should be added in order to get the to- 
tal dissipation. 


STAND-BY MODE (SBY) 


In this mode the bias current of the L3035/6 is redu- 
ced and only some part of the circuit are completely 
active. The transversal current supplied to the line 
is limited at 12mA. Common mode current rejection 
is performed and the total current capability of the 
output stages (TIP and RING) is limited to 30mA. 
The open circuit voltage is |Vbat|-7V. 


OUTPUTS 
OpeT | —OGK_— 


DISABLE DISABLE 
OFF/HK GDKEY 
OFF/HK GDKEY 
OFF/HK GDKEY 
OFF/HK GDKEY 
RING-TRIP DISABLE 


OFF/HK GDKEY 
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L3035 - L3036 


Both Off/Hook and Ground key detectors are acti- 
ve. Signal transmission is not operating. 


In stand-by mode, with a -48V battery voltage, the 
L3035/6 dissipates 90mW typ. (including the power 
dissipation from a +5/-5V supply). 

Stand-by mode is usually selected when the telepho- 
ne is in on-hook condition. It allows a proper off-hook 
detection, even in the presence of high common 
mode currents, or with telephone sets sinking a few 
milliamperes of line current in on-hook condition. 


TIP OPEN MODE (TO) 


This mode is selected when the SLIC is adopted 
ina system using the Ground start feature. In this 
mode the TIP termination is set in High Impedan- 
ce (100Kohm) while the RING termination is acti- 
ve and fixed at Vbat + 4.5V. In the case of con- 
nection of RING termination to GND the sinked 
current is limited to 30mA. When RING is connec- 
ted to GND both off-hook and ground-key detec- 
tors become active. 


Power dissipation in this mode with a -48V battery 
voltage is 100mW (including the power dissipa- 
tion from +5/-5V supply). 


POWER DOWN MODE (PD) 

In this mode, both TIP and RING terminations are 
open and no current is fed into the line. 

The power dissipation is very low. 

This mode is usually selected in emergency con- 
ditions or when the connected line is disabled. 


This is also the mode into which the SLIC is auto- 
matically forced, in the case of thermal overload 
Ty > 150°C typ. 


RINGING MODE (RNG) 

When this mode is selected the ringing signal is 
injected on the line via the ext relay activated by 
the L3035/6 relay driver. 

When the ringing signal phase is provided at the 
RGIN pin, the relay command is also synchroni- 
zed with the ringing signal zero crossing. 


The TIP and RING termination of the L3035/6 


also senses the line current which is then integra- 
ted on the CRT capacitor. 


TIP pin voltage is fixed at — 2.5V, RING pin volt- 
age is fixed at Veat + 4.5V, TIP, RING buffer cur- 
rent capability is limited to 100mA. 


When off-hook occurs during ringing burst the 
voltage on CRT increase above a proper thre- 
shold and ring trip is detected. 


Once ring trip is detected the ringing signal is 
automatically disconnected at the first zero cros- 
sing. When the ringing signal phase is not provi- 
ded at the RGIN pin the ringing signal is discon- 
nected immediately after ring trip detection. 


EXTERNAL COMPONENTS LIST 


To set the SLIC into operation the following para- 
meters have to be defined: 


- The DC feeding resistance "Rfeed" defined as 
the resistance of the _ traditional feeding 
system (most common Rfeed values are: 
400, 800, 1000 ohm). 


- The AC SLIC impedance at line terminals "Zs" to 
which the return loss measurements is referred. 
It can be real (typ. 6(00ohm) or complex. 


- The equivalent AC impedance of the line "ZI" 
used for evaluation of the trans-hybrid loss 
performance (2/4wire conversion). It is usu- 
ally a complex impedance. 

- The value of the two protection resistors Rp in 
series with the line termination. 

- The line impedance at the TTX freq. Zlttx. 

Once, the above parameters are defined, it is 
possible to calculate all the external components 


using the following table. 
The typical values has been obtained supposing: 


- Rfeed = 400Q 


- Zs = 600 
- Z| = 6000 
- Rp = 40Q 


- Zittx = 216Q + 120nF @ 12KHz 
- Re[Zlttx] = 2160 


- Im[ZIttx] = -110Q @12KHz 
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EXTERNAL COMPONENTS 


vB _| Battery Filter p80 20% 6 3V1 
CVDD | Positive Supply Filter a el 100nF 20% 


ee] 


CVSS Negative Supply Filter 100nF 20% 
RREF Internal Current Reference 23.7K 1% 


CSVR_ | Battery Ripple Rejection CSVR = 1/(6.28 * fp * 150K) 680nF 
@ fp = 1.6Hz 20% 60VI 


T Ring Trip & Ground-key Capacitor CRT = (25/fring) - 390nF 390nNF 20% 6VI 
RDC DC Feeding Resistance RDC = 10 * (Rfeed - 2Rp 3.2K 1% 
CA 
R 


C AC/DC Splitter CAC = 1 / (6.28 * fsp * RDC) 4.7F 
@ fsp = 10Hz 20% 15VI 
S 


RS = 50 * 2RP AK 1% 
2 Wire AC Impedance ZAC = 50 * (Zs-2Rp 


DU 


SLIC Impedance Balancing Network ZA = 50 * (Zs-2Rp 26K 1% 
RA (1 SLIC Impedance Balancing Network RA = 50 * 2Rp 4K 1% 
ZB (1 Line Impedance Balancing Network ZB = 50* Zl 30K 1% 


CCOMP | AC Feedback Compensation CCOMP = 1 / [2IIfo (100 Rp)] 220pF 
@ fo = 250KHz 20% 
CH (1) | Trans-hybrid Loss Frequency CH = CCOMP 220pF 20% 
Compensation 


Feeding Resistance for Ring Inj. > 2000 (7 200Q 2W 
Feeding Resistance for Ring Inj. > 200Q (7 200Q2 2W 


F 
T 
RG Ring Input Resistor RRG = (Vrine/25pA)cos|[-2-frine - T - AMQ 5% 
180] (4 
RG Ring Input Capacitor CRG = 25 A/(Vaine - sin[2 - frine-T - 3.9nF 20% 100V 
180] - 20 Tfraina) (4 
TT 


R 

R 
R 
C 


PTC (2 
RST (2 
RSR (2) | Ring Buffer Sensing Resistor 
QEXT | ExtemalTransistor (3) | —“‘“‘“C;*™S™S™COC*dSC“(#RSS GK):SCOCCCOdYd 
Protection Resistor 
TTX 


X | Teletax Cancellation Capacitor CTTX = 1/(21.5 - [-Im(Zlttx) - fttx - 6.28]) 5.6nF 20% 
5 


D1 _| Relay Kickback Clamp Diode Pe 1N4148 


Notes: 


(1) These components can be removed and ZB pin shorted to GND when 2/4wire conversion is implemented with 2nd generation COMBO (EG. 
TS5070FN) 


(2) In case there is no necessity to recover the unbalance introduced by PTC tolerance pins TIP and STIP can be shorted togheter as pins 
RING and SRING. In this case also the Rp Resistor should be splitted in two parts keeping at least 20Q between TIP/RING terminals and 
protection connection. In this case PTC or fuse resistor (if used) can be placed in series to Rp 

(3) Transistor characteristic. 

Ppiss = 1W (typ. depending on application) 
hee 2 25; Ic => 100MA; Vceo = 60V; fr = 15MHz. 

(4) Vrain: Max Ring Generator Voltage, frinc: Ring Frequency, T: relay response time. 

Typical value obtained for Vrinc = 100Vrms, frinc = 25Hz; T = 2.5ms. 


(5) Defining RTTX + CTTX = ZTTX, RTTX and CTTX can also be calculated from the following formula: Zrrx = 21.5 [Zlttx + 2Rp]. 


(6) RST and RSR wattage should be calculated according to the power cross test specification (When PTC become open circut the entire 
power cross voltage will appear across RSR and RST). 


(7) In order to optimize the component count it is also possible to use only one resistor in series to the ringing generator. In this case RT = 0Q, 
RF2> 400Q (RF typ. value = 4009). 


(8) Suggested Rp type are 2W wire wound resistors or thick film resistors on ceramic substrate. 
Fuse function should be included if PTC are not used. 


(*) ex: BD140; MJE172;MJE350....(SOT32 or SOT82 package available also for surface mount). 
For low power application (reduced battery voltage) BCP53 (SOT223 surface mount package) can be used 


Cc 
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Figure 3: Typical Application Circuit including all features. 
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Figure 4: Typical Application circuit with minimum components count (NoTTX/No zero crossing sync/no 


PTC mismatch compensation). 
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OIGITAL 
INTERFACE 


EXT. COMPONENTS SELECTED 
FOR: Rfeed-468 

258-6880 

21.588 

Rp-58Q 


ILTF RDC RTTX TIXIN CRT IREF 


RREF 
23.7KQ 


818 SGS-THOMSON 


MICROELECTRONICS 


Ky 


78 


VBAT 


MI2LIAIS-GEA 


L3035 - L3036 


In case of U.S. application based on L3035 the - ZS = 900Q + 2.12UF 


external components can be calculated suppo- - Z| = 1650Q// (100Q + 5nF) Loaded Line 
sing: - Z| = 80002// (100Q + 50nF) Not Loaded Line 
- Rfeed = 400Q - Rp = 620 


EXTERNAL COMPONENTS (for US. Application) 
| Name | —————s Function =—— || sorta es Typ. Value 
| CVB | BatteryFiter | — |  330nF 20% 63VI 
Positive Supply Filter Pe 100NF 20% 
ee ee 
Re es 


CVSS Negative Supply Filter 100nF 20% 
RREF Internal Current Reference 23.7K 1% 


CSVR_ | Battery Ripple Rejection CSVR = 1/(6.28 * fp * 150K) 680nF 
@ fp = 1.6Hz 20% 60VI 


2 Wire AC Impedance ZAC = 50 * (Zs-2Rp 39K + (180K//55nF 


Z 
SLIC Impedance Balancing Network | ZA =50* (Zs-2Rp 7 39K + (180K//55nF 


SLIC Impedance Balancing Network | RA=50*2Rp 6.2K 1% 


ZB (1) | Line Impedance Balancing Network ZB =50* Zl 82.5K + (5K + 100pF) (3) 
40K + (5K + inF) (4 
CCOMP | AC Feedback Compensation CCOMP = 1 / [2IIfo (100 Rp)] 100pF 
@ fo = 250KHz 20% 
CH (1) | Trans-hybrid Loss Frequency CH = CCOMP 100pF 20% 
Compensation 


Feeding Resistance for Ring Inj. < 2002 (9 2002 2W 
Feeding Resistance for Ring Inj. <200Q (9 200Q 2W 


RRG Ring Input Resistor RRG = (Vaine/25pA)cos[-2-fring - T - 4MQ 5% 
180] (6 
Ring Input Capacitor CRG = 25 A/(Vaine - sin[2 - frine:T - 3.9nF 20% 100V 
180] - 20] fainag (6 


Tip Buffer Sensing Resistor 
Ring Buffer Sensing Resistor 
| QEXT | ExtemalTransistor (5) | ———“—‘“‘“‘“‘“‘wLSCSC*C*C:C:C CL 
| Rp | ProtectionResistor =| B0to80N (10) —“(i‘YS'SC RC 
| Di | RelayKickbackClampDiode | —s—“—*é‘“‘“—‘s*‘“s;*s*s~s*dYCSC“‘SN 


Notes: 


(1) i ance can be removed and ZB pin shorted to GND when 2/4wire conversion is implemented with 2nd generation COMBO (EG. 

5070FN) : 

(2) In case there Is no necessity to recover the unbalance introduced by PTC tolerance pins TIP and STIP can be shorted togheter as pins 
RING and SRING. In this case also the Rp Resistor should be splitted in two parts keeping at least 20Q between TIP/RING terminals and 
protection connection In this case PTC or fuse resistor (if used) can be placed in series to Rp. 

3) Loaded Line. 

4) Not Loaded Line. 

5) 

6) 


RDC = 10 * (Rfeed - 2Rp 

AC/DC Splitter CAC = 1/ (6.28 * fsp * RDC) 
@ fsp = 10Hz 20% 15VI 

| 39K + (180K//55nF)__| 

| 39K + (180K/55nF)__| 

Pp 62KI% 


Transistor characteristic: Poiss = 1W (typ. depending on application); hre'2 25; Ic 2 100MA; Vceo 2 60V; fr = 15MHz. 

Vrine: Max Ring Generator Voltage, frinc: Ring Frequency, T: relay response time. Typical value obtained for Vainc = 100Vrms, frinc = 25Hz; 

T = 2.5ms. 

(7) For details see AN496. 

(8) RST and RSR wattage should be calculated according to the power cross test specification. (When PTC become open circuit the entire 
power cross voltage will appear across RSR and RST). 

(9) In order to optimize the component count it is also possible to use only one resistor in series to the ringing generator. In this case RT = 02; 
RF2> 400Q (RF typ. value = 400Q). 

(10) Suggested Rp type are 2W wire wound resistors or thick film resistors on ceramic substrate. Fuse function should be included if PTC are 

not used 


(*) ex: BD140; MJE172;MJE350....(SOT32 or SOT82 package available also for surface mount). 
For low power application (reduced battery voltage) BCP53 (SOT223 surface mount package) can be used. 


( 
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Figure 5: Typical Application Circuit for U.S. Application. 
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DIGITAL 
INTERFACE 


URING 


CAC ILTF 
5 5 0 0 0 680nF a CSUR 


UBAT 
| RREF 
23.7K NGPL3EI5-O7 


ELECTRICAL CHARACTERISTICS TEST CONDITION, unless otherwise specified: Vcc = 5V; 
Vss = -5V; Veat = -48V; AGND = BGND; Ta = 25°C. 


Note: Testing of all parameter is performed at 25°C. Characterization as well as the design rules used 
allow correlation of tested performances at other temperatures. All parameters listed here are 
met in the range 0°C to +70°C. Additional selection (on request ordering part #: L8035/6T) can be 
performed so that the functionality between -40°C and 85°C is verified. 


| Symbol | Parameter | Test Condition | Min. | Typ. | Max. | Unit_| 


INTERFACE REQUIREMENTS 2 WIRE PORT 


4 WIRE TRANS PORT 


Overload Level fee seal ae 
Output Offset Voltage ee ee tt |e 0] im 
Output Impedance Lee oe el — 


(*) At TIP/RING line connection with Zune (AC) = 600Q. For any DC Loop current from OmA to Im 


MONG {7 SGS-THOMSON 
ae i MICROELECTRONICS 


L3035 - L3036 


ELECTRICAL CHARACTERISTICS (continued) 


| Symbol | Parameter | Test Condition | _Min. | Typ. | Max. | Unit 


| Zax | Inputimpedance | too | TK 
| Vex | Overloadtevel = | te | Lk 


| Zw | Inputimpedance | too | Ek 


LOGIC CONTROL PORT 
INPUT DO, Di, GST 


| Vin | inputHighVoltage | | 
| Vi | InputLowvoltage | CT ot | 
| in | InputHigh Curent =| CT to | ct |p 
|| tnputLow Curent | to Pt 
| Gn | inputCapacitance | | to 


NPUT LIM 

| Vin | InputHighVotage | | 

| Vi | inputlow Voltage | 

| tn inputhigh Current | to ct 

| | Inputtow Current | 8 Tt 

| Gin | input Capacitance | CC to 

OUTPUT DET 

| Vo__| Output Low Voltage | b= t.bmA | Tt 

> 
lp <10HA 3.8 V 

Load Capacitance ase sae He Ee 

RINGING INPUT PORT 

[RS (Se ga (oe 

| inputimpedance = | tc | Cc | 


| OFfsetvottageaiowed | ft Pts fm 


TRANSMISSION PERFORMANCE 


Transhibrid Loss 300HZ2z to 3.4KHz 


Vax 
20l0g10 | Vix 


Longitudinal balance (CCITT Rec.0.121) 


Longit to Transversal 300Hz to 3.4KHz 


L-4 Long Sign Rejection Zs = 6002 


Rp = 40Q, 1% tolerance 
T-L Transvers to Longit 
Long Sign Generation 
L3035 Longitudinal balance (IEEE Std 455-1976 


Longitudinal to Transversal 300HZz to 3.4KHz 


a ; arti Zs = 9002 + 2.12uF 
= | | Ss H 
Longitudinal Signal Rejection Rp = 620, 1% match 
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ELECTRICAL CHARACTERISTICS (continued) 


INSERTION LOSS 


|G | ReceivevGain 
INSERTION LOSS vs. FREQUENCY (rel 1KHz/ 0dBm) 

Transmit V Gain 
| 6G | RecevevGan 


METERING INJECTION 


Virxin = 0.66VIms Zi, =2000: 


THD Harmonic Distortion 2 - Rp = 80Q; Voit = 0 


|RecevevGain | 
GROUP DELAY (2-4, 4-2) ODbM 
Absolute 5 
4 to 2-wire ) 


TOT HARMONIC DISTORTION 


Ring Trip Threshold We ed eee! 
Ring Trip Detection Time Ri = 1.8k, fring = 25Hz 


POWER DOWN STATE 


Loop Current 
STAND BY STATE 

ae lloop Accurac 
Line Voltage 


ACTIVE STATE 
Feeding Resistance Accuracy 


Loop Current Limit Accuracy 


GROUND START STATE 


(1): For level lower than -40dBm guaranteed by correlation. 
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ELECTRICAL CHARACTERISTICS (continued) 


| Symbol | Parameter | Test Condition | Min. | Typ. | Max. | Unit_| 


DETECTORS 


OFF HOOK DETECTOR 


| ler __| Off-hook Current Threshold __| standbystate | | Tt | mA 
| ler | Off-hook Current Threshold__ | activestate | | Tt | ma 
Hs _| Ofthook /On-hookHysteresys_| Bothstandbyandactvestate | + | {| 1.6 | mA 
[14 [biting Ditowin—Lactvestte tT ae eee 


oc KEY DETECTOR 
Ground Key Current Threshold TIP to RING to GND 4 mA 
ILL = (Ip - 1a) /2 or RING to GND 


POWER DISSIPATION ON L3035/36 at Var = 48V 
a ee ee 


ae ee any line lenght 


Wc ae er | Parte 
ae =0 to 2K 220 


Active, Rteeg = 8002 2-wire open 
lim = 25mA Ri =0 to 2K 
luim = 48mA Ri =0 to 2K 
lLiam = 56mA Ri =0 to 2K 


Active, Rfeed = 400Q 2-wire open 
lum = 25mA R. = 0 to 2K 
lum = 43mA Ri = 0 to 2K 


lLim = 56mA Ri = Oto 2K 


POWER DISSIPATION ON QEXT AT Vpbat = 48V 


Active, Rteed = 8002 

ILim = 25mA Ri = 0 to 2K 
lLim = 43mA Ri = 0 to 2K 
ILim = 56mA Ri = 0 to 2K 


Active, Rfeed = 400Q 

lim = 25mA Ri = 0 to 2K 
lLim = 48mA Ri = 0 to 2K 
lLiét = 56mA Ri = 0 to 2K 


BATTERY SUPPLY 


| lee | Powerdown | aorbtoBGND | | 120 | 500 | pA | 
| be | Stench Aopen | aareopen dia Tet a 


Ibat Active 2-wire open 2.3 = 
2-wire Ry = 400Q M5 mA 
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ELECTRICAL CHARACTERISTICS (continued) 


| Symbol | Parameter |_—Test Condition |_ min. | Typ. | Max. | Unit _| 


POWER SUPPLY REJECTION (VrippLe = 100mVrms) 


LINE TERMINALS 


PSRR Voc ref to AGND 50Hz to 3.4KHz 


PSRR Vss ref to AGND 


PSRR Vbat ref to AGND 


PSRR BGND ref to AGND 


RELE DRIVER 


| ino | Current Capability | tm 
|v | Voltage Drop | @la = toma | | 
ix | OffLeakage Curent | 80 YF 


Figure 6: Test Circuit 
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L3037 


SUBSCRIBER LINE INTERFACE CIRCUIT 


PRELIMINARY DATA 


» MONOCHIP SILICON SLIC SUITABLE FOR 
PUBLIC/PRIVATE APPLICATIONS 

s IMPLEMENTS ALL KEY FEATURES OF THE 
BORSCHT FUNCTION 

SOFT BATTERY REVERSAL WITH PRO- 
GRAMMABLE TRANSITION TIME (3 to 100ms) 

a METERING PULSE INJECTION AND FILTER- 
ING WITH MINIMAL COMPONENTS COUNT 
(NO TRIMMING REQUIRED). 

s PROTECTION RESISTOR MISMATCH COM- 
PENSATION 

s ON HOOK TRANSMISSION 

» LOOP START/GROUND START FEATURE 

s IND TEMP. RANGE: 
—L3037 0°C TO 70°C 
~L3037T -40°C to +85°C 

« LOW POWER DISSIPATION IN ALL OPER- 
ATING MODES 

» INTEGRATED ZERO CROSSING RELAY 
DRIVER 

2 INTEGRATED (NOISE-LESS) RING TRIP DE- 
TECTION 

s VERY LOW NO. of STD TOLERANCE Ex- 
TERNAL COMPONENTS 

2 SELECT PART FOR U.S. APPLICATIONS 
(63dB TYP. LONG. BALANCE) 


BLOCK DIAGRAM 


CRT 


INTERFACE 
L 


BIAS 
SUITCHING 


oe 
IREF VCC V 


January 1995 


PR 
| ae ey See ren Gea 
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PLCC44 PQFP44(10 x 10) 


ORDERING NUMBERS: 
L3037FN L3037QN 


n SURFACE MOUNT PACKAGE (PLCC44 or 
PQFP44) 

« INTEGRATED THERMAL PROTECTION 

» PIN TO PIN COMPATIBLE WITH L3035/36 


DESCRIPTION 


The L3037 subscriber line interface circuit is a bi- 
polar device in 70V technology developed for cen- 
tral office / loop carrier and private applications. 


The L8037 is pin to pin and function compatible 
with L3035/36. One particular pin (reserved in 
L3035/36) is now used for reverse polarity transi- 
tion time programming. The line polarity transition 
is not affecting the AC signal transmission that 
can continue also during the line voltage transi- 
tion.L3037 is available in two different package 
options: PLCC44 and PQFP44 (10 x 10mm). 
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L3037 PIN FUNCTIONALITY (PLCC44) 


Supply input (+5V) 

Analog output (current source) 

Analog input (current input) 

Analog input (voltage input) 

Analog output (voltage source) 

Ground input (OV) 

Supply input (VREG) 

Analog input (voltage input) 

Analog output (voltage output) 

Supply input (-VeatT) 

Analog output (voltage output) 

Analog input (voltage input) 

Analog input/output (voltage input / current output) 
Digital output (voltage output with intemal pull up) 
Analog input (current input) 

Digital output (voltage output with intemal pull up) 
Digital input (voltage input, intemal pull down) 
Digital input (voltage input) 

Digital input (voltage input) 

Digital input (voltage input 3 levels: 0, +5, open) 
Supply input (-5V) 

Digital output (voltage output open drain) 

Analog input/output (voltage input/current output) 
Ground input (OV) 

Analog input (current input) 

Analog input/output (current output/voltage input) 
Analog input (voltage input) 

Supply input (-Veat) 

Analog output (voltage output) 

Analog input (voltage input) 

Analog output (voltage output) 

Analog input (voltage input) 

Analog output (voltage output) 

Analog input (voltage input) 

Ground input (OV) 

Analog input/output (voltage output/current input 
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PIN CONNECTION (Top view) 


PLCC44 PQFP44 


PIFLIBS?-82 


Positive Supply Voltage (0 to ims) 
continuous 

Negative Supply Voltage (0 to ims) 
continuous 


Agnd Respect Bgnd (continuous) 
Vband 


cc 
SS 
Ring Relay Supply Voltage 

Digital I/O DO, D1, GST, LIM, ODET, OGK -0.4 to +5.5 

| lag | Digital YO DO, D1, GST, LIM, ODET, OGK 
Maximum Junction Temperature 
Storage Temperature -55 to +150 

Humidi 5 to 95 % 


Note: In case of power on, power failure or hot insertion with Vpp, Vss present and Vpat floating the Absolute Maximum Ratings can be exceeded 
with Vbat > Vss +0.5V. In this case the power consumption of the device increases and the logic output state including relay driver are 
not controlled. This effect can be prevented ensuring that Vbat is always present before Vpp and Vss or connecting one shottky diode 
(e.g. BAT49X or equivalent) between Vbat and Vss. One diode can be shared between all the SLICs of the same line card. 


OPERATING RANGE 


L3037 
L3037T 


THERMAL DATA 


[symbol|——~—‘Parameter—=—=S=S~S~S~S~Y SLC | PORPAA | Unit_| 
Thermal Resistance Junction-ambient Max. 75 
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PIN DESCRIPTION 
Unless otherwise specified all the diagrams in this datasheet refers to the PLCC44 Pin Connection. 


3 STIP | Input of A power amplifier (when no compensation of ext. ptc resistor mismatch is 
requested it must be shorted to the TIP lead). 
oie — Ge I | A line termination output (Ia is the current sourced from this pin). 


Battery Supply 
PLCC44: All pins are intemally connected together. 
PQFP44: It is mandatory to short pin 1 and pin 28 as closed as 


requested it must be shorted to the RING lead). 
Ring trip and ground key capacitor 
12 
13 
14 G 


15 


17 


— = 
[ee] [o>) 


19 Negative Power Supply (-5V) 
20 Ring relay driver output 


21 27 CREV | Reverse polarity transition time control. One proper capacitor connected between this 
pin and AGND is setting the reverse polarity transition time. If reverse polarity feature 
is not used must be shorted to AGND. 


GREL | Ground reference for ring relay driver 
= OG = 3) Cage AC feedback input (ACDC split capacitor is connected from this node to ILT 


ZB 


ie) 


NO [PO 


N 
i<e) 


4 wire output port (Tx output 
3 4 wire receiving port. (Rx input 


: 
39 Rx buffer output (the AC impedance is connected from this node to ACFD 


Metering input port/Varop programming. If not used should be connected to AGND. 

35 42 
37 AGND | DC and AC signal ground 
38 lree | Voltage Reference Output 


2,5 to 7, N.C. Not connected 
10,26, 
27, 29,36 
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DESCRIPTION (continued) 


One special selection with high longitudinal balan- 
ce performances allows to meet the United States 
BELLCORE requirements for central office/loop 
carrier and private applications. 


The SLIC integrates loop start, ground start, 
ground key on/off-hook, automatic ring-trip as well 
as zero crossing ring relay driver. 


Two to four wire conversion is implemented by the 
SLIC for application with first generation COMBO. 
In case of application with second generation (pro- 
grammable) COMBO this function can be imple- 
mented outside saving external components. 


The L3037 offers programmable current limitation 
(3 ranges), on hook transmission and low power 
in all operating modes, power management is 
controlled by a simple external low cost transistor. 


Metering pulses are injected on the line via a sum- 
ming node through TTXIN pin. 

Metering pulse filtering is performed by means of a 
simple RC network with standard tolerance compo- 
nents. In case TTX function is not used this pin 
must be connected to AGND. It is also possible to 
use this pin to modify the DC voltage drop between 
TIP/RING terminals and battery voltage for appica- 
tions where it is important to optimize the battery 
voltage supply versus the signal swing. 

Effect of protection resistors mismatch are com- 
pensated by a feedback loop on the final stage al- 
lowing good long balance performances also with 
large tolerance protection resistors (ex: PTC). 


This function allow the L307 to be fully conform 
to BELLCORE power cross and surge test and 
meet also the Longitudinal Balance Specification 
without using matched PTC resistors. 


An integrated thermal protection circuit forces the 
L3037 in POWER DOWN (PD) mode when the 
junction temperature exceeds 150°C Typ. 


The L3037 is specified over -40°C to +85°C am- 
bient temperature range. 

The L38037 package is a surface mount PLCC44 
or PQFP44. 


FUNCTIONAL DESCRIPTION 


L3037 is designed in 7O0V bipolar technology and 
performs the telephone line interface functions re- 
quired in both C.O. and PABX environments. The 
full range of signal transmission, battery feed, 
loop supervision are performed. 


Signal transmission performance is compatible 
with European and North American Standards 
and with CCITT recommendations. 

Ringing, overvoltage and power cross protection 
are performed by means of external networks. 


The signal transmission function includes both 2 
to 4 wire and 4 to 2 wire conversion. The 2W ter- 
mination impedance is set by means of an exter- 
nal impedance which may be complex. The 2 to 4 


L3037 


wire conversion is provided by means of an exter- 
nal network. 


Such a network can be avoided in case of appli- 
cations with COMBOIl, in this case the 2 to 4 wire 
conversion is implemented inside the COMBOII 
by means of the programmable Hybal filter. 


An additional input allows a metering pulse signal 
to be added on the line. 


The DC feed resistance is programmable with 
one external resistor. Three different values of 
current limitation (25, 44, 55mA)can be selected 
by software through the parallel digital interface. 


One external transistor reduces the power dissi- 
pation inside the L3037 in the presence of a short 
loop (limiting Current region). 

An additional supervisory function sets the TIP 
lead into high impedance state in order to allow 
application in ground start configurations. 

The different L8037 operating modes are control- 
led by a 4bit logic interface, two additional detec- 
tor outputs provide ground key detection and ei- 
ther hook state or ring trip detection. 


SLIC OPERATING MODES 


Through the L3037 digital interface it is possible 
to select 5 different SLIC operating modes: 


1) Active Mode (ACT) 

2) Standby Mode (SBY) 

3) Tip Open Mode (TO) 

4) Power Down Mode (PD) 

5) Ringing Mode (RNG) 

In both ACT and SBY modes it is possible to se- 
lect the reverse polarity (see control interface). 
Transition from direct to reverse polarity is soft 


and the transition time is defined by the external 
capacitor CREV. 


ACTIVE MODE (ACT) 


This operating mode is set by the card controller 
when the Off-Hook condition has been recognized. 


When this operating mode is selected the two out- 
put buffers (TIP/RING) can sink or source up to 
100mA each. In case of Ground key or line termi- 
nals to GND the output current is limited to 15mA 
for the Tip wire and 30mA for the Ring wire. 


As far as the DC characteristic is concerned three 
different feeding conditions are present: 


a) Current limiting region: the DC impedance of 
the SLIC is very high ( 20Kohm) and therefore the 
system works like a current source. Using the 
L3037 digital interface it is possible to select the 
value of the limiting current: 


25mA, 44mA, or 55mA. 


When the device is in limiting current region the 
negative supply for the output buffer is fixed by 
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the ext. transistor to a proper value higher than 
the real negative battery in order to reduce the 
power dissipated by the L3037 itself. 


b) Resistive feed region: the characteristic is 
equal to a battery voltage (Vbat) in series with a 
resistor (typ 4000hm or 8000hm) whose value is 
set by one ext. resistor (see ext. components list). 


c) Constant voltage region: the characteristic is 
equal to the battery voltage - 12V in series with 
the ext. protection resistors (typ 800hm). 


This voltage drop between battery and line termi- 
nals for !l=0 allows on-hook transmission. 


Fig. 1 shows the DC characteristic in active 
mode. Fig. 2 shows the line current versus loop 
resistance 


Figure 1: DC Characteristic in active mode 


SLOPE :RDC/18+ 2Rp 


SLOPE: 2Rp 


{UBAT-12U) UBRAT 
A9ILIBIZ- 96 


Figure 2: Current vs. Loop Resistance. 
Rfeed = 2 x 200ohm, 
Lim. currents: 25, 43, 55mA 


8.5K 4K 1.5K 2K 2.5K 3K RLiN) 
N9IL 3837-87 


In active mode the AC impedance at the line ter- 
minals is sinthetized by the external components 
ZAC and Rp according to the following formula: 


Zs = ZAC/50 + 2*Rp 


Depending on the characteristic of the ZAC net- 
work Zs can be either a pure resistance or a com- 
plex impedance. This allows L3037 to meet diffe- 
rent standard as far as return loss is concerned. 
The capacitor CCOMP guarantees stability to the 
system. 


The two to four wire conversion is achieved by 
means of a circuit that can be represented as a 
Wheastone bridge, the branches of which are: 


1) The line impedance (Zline) 
2) The SLIC impedance at line terminals (Zs) 


3) The balancing network ZA+RA connected 
between pin ZAC and ZB of L3037. 


4) The network ZB between pin ZB and GND 
that shall copy the line impedance. 


When L3037 is used with a second generation 
combo (eg TS5070FN) which is able to perform the 
two to four wire conversion, the two impedances 
ZA and ZB can be removed and the ZB pin con- 
nected to GND. The -6dB TX gain of the L3037 al- 
lows the echo signal to remain always within the 
COMBOII Hybrid balance filter dynamic range. 


The injection of high frequency metering pulses is 
carried out through the SLIC. An unbalanced 12 or 
16KHz sinusoidal signal with shaping is, when ne- 
cessary, applied at the TTXIN input of the SLIC. 

A fixed transfer gain is provided for the metering si- 
gnal. To avoid saturation in the 4-wire side a can- 
cellation is provided in the 4-wire transmission path. 


Cancellation is obtained via an external RC net- 
work without the need for trimmed components. 


When the TTX function is not used TTXIN input 
should be connected to GND. Since this pin is di- 
rectly connected to a summing node inside the 
SLIC any signal applied to the TTXIN is transfer- 
red to the line with a fixed transfer gain. 

In special applications, this pin can be used to 
modify the voltage drop (constant voltage region 
of DC characteristic) simply by applying a proper 
DC level on the TTXIN pin, allowing optimization 
of the battery voltage versus the maximum nee- 
ded AC signal swing. 


In active mode, with a -48V battery voltage, the 
3037 dissipate 150mW for its own operation (in- 
cluding the power dissipation from +5/-5 supply), 
the dissipation related to the current supplied to 
the line should be added in order to get the total 
dissipation. 


STAND-BY MODE (SBY) 


In this mode the bias current of the L3037 is redu- 
ced and only some part of the circuit are completely 
active. The transversal current supplied to the line 
is limited at 14mA. Common mode current rejection 
is performed and the total current capability of the 
output stages (TIP and RING) is limited to 30mA. 
The open circuit voltage is |Vbatl-7V. 


Both Off/Hook and Ground key detectors are acti- 
ve. Signal transmission is not operating. 


In stand-by mode, with a -48V battery voltage, the 
L3037 dissipates 9OmW typ. (including the power dis- 
sipation from a +5/-5V supply). 

Stand-by mode is usually selected when the telepho- 
ne is in on-hook condition. It allows a proper off-hook 
detection, even in the presence of high common 
mode currents, or with telephone sets sinking a few 
milliamperes of line current in on-hook condition. 
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CONTROL INTERFACE 


| bo | oi | ast | Lim | 
X 


POWER DOWN 
STANDBY D. P. 
STANDBY R. P. 
ACTIVE D. P. 
ACTIVE R. P. 
RING 

A. OPEN 
RESERVED 


0 
, 
1 
0 
0 
1 
0 
1 


OPERATING MODE 


L3037 


OUTPUTS 
opeT | —OGK_— 


DISABLE DISABLE 
OFF/HK GDKEY 
OFF/HK GDKEY 
OFF/HK GDKEY 
OFF/HK GDKEY 

RING-TRIP DISABLE 
OFF/HK GDKEY 


(*) LIM =0 > Jim = 25mA; LIM =H. I. (open) > lim = 44mA; LIM = 1 > lim = 55mA. 


TIP OPEN MODE (TO) 


This mode is selected when the SLIC is adopted 
ina system using the Ground start feature. In this 
mode the TIP termination is set in High Impedan- 
ce (100Kohm) while the RING termination is acti- 
ve and fixed at Vbat + 4.5V. In the case of con- 
nection of RING termination to GND the sinked 
current is limited to 30mMA. When RING is connec- 
ted to GND both off-hook and ground-key detec- 
tors become active. 


Power dissipation in this mode with a -48V battery 
voltage is 100mW (including the power dissipa- 
tion from +5/-5V supply). 


POWER DOWN MODE (PD) 


In this mode, both TIP and RING terminations are 
open and no current is fed into the line. 


The power dissipation is very low. 


This mode is usually selected in emergency con- 
dition or when the connected line is disabled. 


This is also the mode into which the SLIC is auto- 
matically forced, in the case of thermal overload 
Tj > 150°C typ. 


RINGING MODE (RNG) 


When this mode is selected the ringing signal is 
injected on the line via the ext relay activated by 
the L3037 relay driver. 


When the ringing signal phase is provided at the 
RGIN pin, the relay command is also synchroni- 
zed with the ringing signal zero crossing. 


The TIP and RING termination of the L38037 are 
senses the line current which is then integrated 
on the CRT capacitor. 


TIP pin voltage is fixed at — 2.5V, RING pin volt- 
age is fixed at Vaat + 4.5V, TIP, RING buffer cur- 
rent capability is limited to 100mA. 


When off-hook occurs during ringing burst the 
voltage on CRT increase above a proper thre- 
shold and ring trip is detected. 


Once ring trip is detected the ringing signal is 
automatically disconnected at the first zero cros- 
sing. When the ringing signal phase is not provi- 
ded at the RGIN pin the ringing signal is discon- 
nected immediately after ring trip detection. 


EXTERNAL COMPONENTS LIST 


To set the SLIC into operation the following para- 
meters have to be defined: 


- The DC feeding resistance "Rfeed" defined as 
the resistance of the _ traditional feeding 
system (most common Rfeed values are: 
400, 800, 1000 ohm). 


- The AC SLIC impedance at line terminals "Zs" to 
which the return loss measurements is referred. 
It can be real (typ. GO0ohm) or complex. 


- The equivalent AC impedance of the line "ZI" 
used for evaluation of the trans-hybrid loss 
performance (2/4wire conversion). It is usu- 
ally a complex impedance. 


- The value of the two protection resistors Rp in 
series with the line termination. 

- The line impedance at the TTX freq. Zlttx. 

- The reverse polarity transition time defined as 
"AVTR/AT". 


Once, the above parameters are defined, it is 
possible to calculate all the external components 
using the following table. 

The typical values has been obtained supposing: 


- Rfeed = 4000 


- Zs = 600Q 
- Z| = 600 
- Rp = 40Q 


- Zittx = 216Q + 120nF @ 12KHz 
- Re[Zittx] = 2162 

- Im[ZIttx] = -110Q @ 12KHz 

- AVTR/AT = 4250[V/s] 
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EXTERNAL COMPONENTS 


| Function | Formula S| Typ Value 
CVB_| Battery Filter PO 88 0nF 20% 8 3VI 
CVDD_ | Positive Supply Filter ee ee 100NF 20% 


CVSS Negative Supply Filter 100nNF 20% 
RREF Internal Current Reference 23.7K 1% 


CSVR_ | Battery Ripple Rejection CSVR = 1/(6.28 * fp * 150K) 680nF 
@ fp = 1.6Hz 20% 60VI 


5 
DD 


T Ring Trip & Ground-key Capacitor CRT = (25/frinc) - 390nF 390nF 20% 6VIi 
RDC DC Feeding Resistance RDC = 10 * (Rfeed - 2Rp 3.2K 1% 
C 


V 

D 

AC CAC = 1/ (6.28 * fsp * RDC) 4.7F 
@ fsp = 10Hz \ 20% 15VI 

RS__| Protection Resistor Image 

SLIC Impedance Balancing Network 

ZB (1 Line Impedance Balancing Network 


CCOMP | AC Feedback Compensation CCOMP = 1 / [2TIfo (100 Rp)] 220pF 
@ fo = 250KHz 20% 
CH (1) | Trans-hybrid Loss Frequency CH = CCOMP 220pF 20% 
Compensation 


Feeding Resistance for Ring Inj. > 2000 (7 2002 2W 
Feeding Resistance for Ring Inj. 2002 2W 


@) 


*| | SEEERR 


RF 
RT 
RRG 
CRG 


Ring Input Resistor RRG = (Vaine/25pA)cos[-2-frinae - T - 
180] (4 

Ring Input Capacitor CRG = 25pA/(Vr_ine - sin[2 - frine-T - 3.9nF 20% 100V 
180] - 21] frina) (4 


PTC 
RST (2) | Tip Buffer Sensing Resistor 
RSR 
QEXT | Extemal Transistor (3) | 
x 


CTTX | Teletax Cancellation Capacitor CTTX = 1/(21.5 - [-Im(Zittx) - fttx - 6.28]) 5.6nF 20% 
5 


Di__| Relay Kickback Clamp Diode fee ee a el 1N4148 


CREV | Polarity Reversal Transition Time v= —K_. ner. 404 47nF 
Programming eRe AVtR/AT ’ 


Notes: 


(1) These components can be removed and ZB pin shorted to GND when 2/4wire conversion is implemented with 2nd generation COMBO (EG. 
TS5070FN) 


(2) In case there is no necessity to recover the unbalance introduced by PTC tolerance pins TIP and STIP can be shorted togheter as pins 
RING and SRING. In this case also the Rp Resistor should be splitted in two parts keeping at least 202 between TIP/RING terminals and 
protection connection. In this case PTC or fuse resistor (if used) can be placed in series to Rp. 


(3) Transistor characteristic: Ppiss= 1W (typ. depending on application); hre = 25; Ic 2 100MA; Vceo 2 GOV; fr = 15MHz. 


(4) Vrinc: Max Ring Generator Voltage, frinc: Ring Frequency, T: relay response time. 
Typical value obtained for Vainc = 100Vrms, fring = 25Hz; T = 2.5ms. 


(5) Defining RTTX + CTTX = ZTTX, RTTX and CTTX can also be calculated from the following formula: Zprrx = 21.5 [ZIttx + 2Rp]. 


(6) RST and RSR wattage should be calculated according to the power cross test specification. (When PTC become open circuit the entire 
power cross voltage will appear across RSR and RST). 


(7) In order to optimize the component count tt is also possible to use only one resistor in series to the ringing generator. In this case RT = 09; 
RF2 400Q (RF typ. value = 4009). 

(8) Suggested Rp type are 2W wire wound resistors or thick film resistors on ceramic substrate. 
Fuse function should be included if PTC are not used. 


(*) ex: BD140; MJE172;MJE350....(ST32 or SOT82 package available also for surface mount). 
For low power application (reduced battery voltage) BCP53 (SOT223 surface mount package) can be used. 


D 
J 
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Figure 3: Typical Application Circuit including all features. 
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CCOMP 26KQ 18R 
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3eKat (PLCC 34+16) uresow MJE3SB 


XT 2B8B 
a QEXT 288 

PARALLEL 

DIGITAL 21 


: 
INTERFACE ye 


~- COMPONENTS SELECTED 
> Rfeed-498Q9 CAC ILTF ROC RTTX TIXIN 


C) OO 
23*688N 3 ' Y Y = 680nF VUBAT 
21-688 RREF 


| CRT 
77 
nestle Cc 3KQ 330nFoe ee 
CTTX petty 


Ld o 
5.6nF 5-34kQ TTX SIGNAL N92L3837-83A 


Figure 4: Typical Application circuit with minimum components count (No Rev. polarity NoTTX/No zero 
crossing sync/no PTC mismatch compensation). 
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In case of U.S. application based on L3035 the - ZS = 9000 + 2.12uF 
external components can be calculated suppo- - ZI = 16500// (100Q + 5nF) Loaded Line 
sing: - Z| = 800Q// (100Q + 50nF) Not Loaded Line 


- Rfeed = 4000 - Rp = 62Q 
EXTERNAL COMPONENTS (for US. Application) 


| Name __ | Formula] Typ. Value 
| CVB | BatteryFilter (|  ———*(|~——330nF 20% avi 
CVDD_| Positive Supply Filter ee eee 100nF 20% 


100nF 20% 
23.7K 1% 


V 
CSVR_ | Battery Ripple Rejection CSVR = 1/(6.28 * fp * 150K) 680nF 
@ fp = 1.6Hz 20% 6OVI 
Ring Trip & Ground-key Capacitor CRT = (25/frina) « 390nF 390nF 20% 6VI 
DC Feeding Resistance RDC = 10 * (Rfeed - 2Rp 2.76K 1% 
C 


D 
@ fsp = 10Hz 20% 15VI 
SLIC Impedance Balancing Network 
1 


4 
CCOMP | AC Feedback Compensation CCOMP = 1 / [2IIfo (100 Rp)] 100pF 
@ fo = 250KHz 20% 


Trans-hybrid Loss Freq. Comp. CH = CCOMP 100pF 20% 
Feeding Resistance for Ring Ini. > 2002 (9 2002 2W 
Feeding Resistance for Ring Inj. > 2002 (9 200Q2 2W 


RRG Ring Input Resistor RRG = (Vrine/25p:A)cos|-2-fring - T - 4MQ 5% 
180] (6 

CRG Ring Input Capacitor CRG = 25u1A/(Vrine - sin(2 - frina-T - 3.9nNF 20% 100V 
180]- 20 fring (6 


Tip Buffer Sensing Resistor 
| QEXT | ExtemalTransistor (5) | 
| Rp | Protection Resistor _-—= S| SOtoBOM (10) | 


(1) These components can be removed and ZB pin shorted to GND when 2/4wire conversion is implemented with 2nd generation COMBO (EG. 
TS5070FN) 


(2) In case there is no necessity to recover the unbalance introduced by PTC tolerance pins TIP and STIP can be shorted togheter as pins 
RING and SRING. In this case also the Rp Resistor should be splitted in two parts keeping at least 20Q between TIP/RING terminals and 
protection connection. In this case PTC or fuse resistor (if used) can be placed in series to Rp. 


(3) Loaded Line. 
(4) Not Loaded Line. 
(5) Transistor characteristic: Poiss= 1W (typ. depending on application); hre = 25; Ic => 100mA; Vceo = 6OV; fr = 15MHz. 


(6) Vrinc: Max Ring Generator Voltage, frina: Ring Frequency, T: relay response time. Typical value obtained for Vrinc = 100Vrms, frinc = 25Hz; 
T = 2.5ms. : 


(7) For details see AN496. 


(8) RST and RSR wattage should be calculated according to the power cross test specification. (When PTC become open circuit the entire 
power cross voltage will appear across RSR and RST). 
(9) In order to optimize the component count it is also possible to use only one resistor in series to the ringing generator. In this case RT = 0Q; 
RF2 400Q (RF typ. value = 400Q). 
(10) Suggested Rp type are 2W wire wound resistors or thick film resistors on ceramic substrate. 
Fuse function should be included if PTC are not used. 


(") ex: BD140; MJE172;MJE350....(SOT32 or SOT82 package available also for surface mount). 
For low power application (reduced battery voltage) BCP53 (SOT223 surface mount package) can be used. 
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Figure 5: Typical Application Circuit for U.S. Application. 


2X = 
RPX 


(41) LOADED LINE 
(2) NOT LOADED LINE 


@ 
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CCOMP 


108pF “. 2AC I 


— 
nae fe | re 
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(PLCC 34+18) 


CH 
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ELECTRICAL CHARACTERISTICS TEST CONDITION, unless otherwise specified: Vcc = 5V; 
Vss = -5V; Veat = -48V; AGND = BGND; Direct Polarity; Ta = 25°C. 


Note: Testing of all parameter is performed at 25°C. Characterization as well as the design rules used 
allow correlation of tested performances at other temperatures. All parameters listed here are 
met in the range 0°C to +70°C. Additional selection (on request ordering part #: L8037T) can be 
performed so that the functionality between -40°C and 85°C is verified. 


| Symbol | Parameter |__—Test Condition | _Min. | Typ. | Max. | Unit_ 


INTERFACE REQUIREMENTS 2 WIRE PORT 


Vab Overload Level Voice Signal Rp +PTC = 502 fall Mims 
300HZz to 3.4KHz 


Long Input Impedance at SLIC terminals per wire 
Long Current Capab. ac standby per wire (on HOOK) ee 
active per wire (on HOOK) zo ae || mApk | 


Oe 
(IT = Transversal current) 

4 WIRE TRANS PORT 
| Vw | Overloadtevel | ae Tk 
| Vion | Output Offset Voltage | S850 || 850 | mv 
|Z | Outputimpedance | Tt | 


(*) At TIP/RING line connection with Zune (AC) = 600Q. For any DC Loop current from OmA to !um 
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ELECTRICAL CHARACTERISTICS (continued) 


Symbol | ___—Parameter__— | Test Condition | Min. | typ. | Max. | Unit 
4 WIRE RECEIVE PORT 

Zax 

Vax 
| Zw | inputimpedance | too | TK 


LOGIC CONTROL PORT 
INPUT DO, D1, GST 


5 
ro) 
A 
2) 


| Vn inputHighVoltage | iis a 
| Vi | InputLowVoltage | —(i‘“‘s*‘s;é~srSC“‘(RENSCOC*iC cw | OV 
| in | InputHigh Current, =| ——s—“‘s—‘~srC ts gt 
|| ImputLowCurrent = | —idEs tos | to 
| Cin | InputCapacitance | s—“‘“‘“‘“‘;‘~LSSSCdGSC( NST ts |Top 
INPUT LIM 
ae Feit ala eg 
| Vi | InputLowVoltage | —(isi‘“‘“‘“‘“‘wLSSC‘(ESN'N(N$NU LI t#s | 
| in | InputhighCurrent | —“—i‘iYSCt Ss 80 
|| InputLowCurrent | ——‘“‘iL:C | to 
| Cn | inputCapacitance | —‘“‘“‘é~*wSC*C*dTSCCC*dL;Ct0—s«T_sop 
OUTPUT DET 
| Vor___| OutputLow Voltage | tbe omA— s—“‘“CSC‘*drLSOCOC(C*dLSCCC*dL:sCtt# | 
Voh Output High Voltage lo = 300A ema rs 
lo <10NA 3.8 V 
a a 


Gia | LoadCapacitance | 
RINGING INPUT PORT 


TRANSMISSION PERFORMANCE 


Ar | Retum Loss (2-wire) | 300Hzto3.4KHz | pe | |B 
0 


Thl Transhibrid Loss 300Hz to 3.4KHz 3 
V 
20logi0 Free 
TX 


Longitudinal balance (CCITT Rec.0.121) 


Longit to Transversal 300HZ2 to 3.4KHz | 52 {| | | cB | 
Long Sign Rejection es = 0000 sa | | | BL 
Rp = 40Q, 1% tolerance 
| 49 
Long Sign Generation 
Selected L3037 Longitudinal balance (IEEE Std 455-1976) 


Longitudinal to Transversal 300HZz to 3.4KHz 


Longitudinal Signal Rejection Zs = 9000 + 2.12uF 


-0.5 


sib 
© 


-15 


L-T 
L-4 
T-L 
4-L 


Rp = 622, 1% match 
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ELECTRICAL CHARACTERISTICS (continued) 


Symbol | Parameter | Test Condition | Min. | Typ. | Max. | Unit_ 


INSERTION LOSS 


Transmit V Gain | OdBm KHz | 6.22 | | 5.82 | cB 


Receive V Gain 
NSERTION LOSS vs. FREQUENCY (rel 1KHz/ O0dBm 


-_ 


re 
S 
ine) 
oO 
N 


|G Transmitv Gain fostosaKHe | ot || ot | 
|G | Recewevaain | ot | ot 
Tin = 0.66Vims Z.=2000; | 3.18 | | 361 | 

THD ee eee a 2 Sk a 
|G Transmit Gain | -55dBmto7dBm(t) | ot | | ot | 8 | 
|G | Receweveain | ot Tt 


GROUP DELAY (2-4, 4-2) ODbM 


Tgass__| Absolute WoRies 2 a 
Tyis 0.5 to 3,4KHz 


TOT HARMONIC DISTORTION 


wo 
~ 
a 
N 


ae re 
S 


° iu 


| thd | 2todwire | dBm, 0.3to34kHz | | te [8 
| Tha | dtoawie |e 
| Vabp | 2-wirepot | psophometio | ze | 72 | Bm 
| vixp | 4-wiretransmt_ | psophometic =| 82 | 76 | ame | 
| Vabo | 2wirepot Sf emessage || || Brn | 
| vnc | 4-wiretransmit SL cmessage | 


RINGING FUNCTION 


Zero Crossing Threshold Level frinc = 16 to 66Hz -70 70 mV 
Rain = 3Vrms 


Ring Trip Threshold ae eres ee 
Tato __| Ring Trip Detection Time Ru = 1.8k, fring = 25Hz Ie 8 


BATTERY FEED CHARACTERISTIC 


OQ cross 


IRT 


POWER DOWN STATE 


Loop Current TIP or RING to BGND a ee ee 
| Iupar__| Loop Current | TIPorRINGtoVor =| | | | ma 
Loop Current es ee ee 


STAND BY STATE 


lloop Accurac |constantregion | 13 | | 16 | mA 

Vios Line Voltage =0 | ao | =| 4a | vii 

ACTIVE STATE 

Vio | LineVoltage | @ =o | os | 

Riess _| Feeding Resistance Accuracy | | st | et | 

lun 
GROUND START STATE 

Zip __| Tipleadimpedance | | too | | KO 

los__ | RingleadCurent | RINGtOGND | | || maA 


(1) For level lower than -40dB guaranteed by correlation. 


© 
— 
I 

6 

Oo 
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ELECTRICAL CHARACTERISTICS (continued) 


| Symbol | ___—Parameter_— | Test Condition | iin. | Typ. | Max. | Unit _| 


DETECTORS 


OFF HOOK DETECTOR 
| lu | Off-hook Current Threshold __| standbystate | | Tt ma 
| luer__| Off-hook Current Threshold __| activestate | || 12 | mA 
| Hys | Off-hook/On-hook Hysteresys_| Both stand byandactive state | 1 [| | 1.6 | mA_| 
| td | DiallingDistortion sf activestate | et TT toms 


GROUND KEY DETECTOR 


IL Ground Key Current Threshold TIP to RING to GND 4 mA 
Itt = (Ip-lay/2 or RING to GND 
POWER DISSIPATION ON L3037 at Veat = 48V 


a aa ee ee 


Ce leer miele 
Fi =0to 2K 250 eT 


Active, Rieed = 80022 2-wire open 
lum = 25mA Ri =O to 2K 
lum = 44mA Ri =0 to 2K 
ILim = 55mA Ri = 0 to 2K 


Active, Rfeed = 400Q 2-wire open 
lum = 25mA Ri =0 to 2K 
lum = 44mA Ri = 0 to 2K 
lL = 55mA Ri = 0 to 2K 


POWER DISSIPATION ON QEXT AT Vpbat = 48V 


Active, Rteed = 800Q 


lum = 25mA 
lum = 44mA 
luim = 55mA 


Active, Rfeed = 400Q 


Iuim = 25mA 
luim = 44mA 
lum = 55mA 


Ri = 0 to 2K 
RL =0to 2K 
RL =0 to 2K 


Ri = 0 to 2K 
Ri = 0 to 2K 
Ri =0 to 2K 


SUPPLY CURRENTS 


ANALOG SUPPLY 


pide: | Wee | Power Down. ie 2 | 


| iss | Vss |PowerDown | | ot | 05 | mA 
eS nA 70 TD 


| ss | Ves —~—~C~dSSttarnetby/AMopen = | tt | 8 | ml 

| cc Vcc —“(i‘“‘CS™SC™*™*™*™*C‘*d CActwes—§ ss ss CC (iT | tml 

| iss [Ves —“t;is‘“séid Ate “$ SC (CTC 8 | ml 

BATTERY SUPPLY 

| tbat | Powerdown —— ——C‘i rbtoBGND CC 800 | a 

| tbat_—(| Stand-by S—C*d wirecopen = 2m 
= 

hoor mA 


Ibat Active 2-wire open 
2-wire Ry = 400Q 
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ELECTRICAL CHARACTERISTICS (continued) 


| symbol | __—Parameter__— | Test Condition |_ Min. | Typ. | Max. | Unit_| 


POWER SUPPLY REJECTION (Varipp_e = 100mVrms) 


LINE TERMINALS 


PSRR Vcc ref to AGND 50Hz to 3.4KHz 
PSRR Vss ref to AGND 
PSRR Vbat ref to AGND 


PSRR BGND ref to AGND 


RELAY DRIVER 


| ino | CurrentCapabity | 
Voltage Drop | @la=4omA 85 | 
| ik | OffLeakage Curent | 


Figure 6: Test Circuit 


-SU 
cuss 


CREUV 4/7nF Cucc 


| 189NnF 
V = 
27 1] 19GnF | 25 43 28 6 
e @ J _J e @ 


Vss AGND GREL BGND REL 
g RST 


STIPO a 
33KRQ PTC RP 
TIPO = C+ TIP 


3 18 4g9Q apn 


45 3p PIC RP 


e = [c—t+—o RING 
3837 sein 6252 
33KQ 


{PLCC 34+19) 


QEXT 


PARALLEL 
DIGITAL 
INTERFACE 


M9IL IBIS -B9 


{7 SGS-THOMSON er 
7 WCROELECTROMIES 
103 


vOl 
6L/9L 


NOSWOHL-S9S ELS | 


SIINOULITTIOUIIN 


*SU “SU 
Cuss 


REU 47nF U ‘ 
ies ) cee | agence "SU to 12U 


es ee ee ee = 
@ UJ 


6 eo e @ 
Use AGND GREL BGNO REL 
RST 
STIPO = 
33K PTC a RP 
—o % [—t» TIP 
4a 


2660 RT 


RP 


TSS6B7B 
VERO L3437 


(PLCC 34+16) 


UBAT CUS 
RRG CRG 


Cac ILTF ROC 


CRT 
390nF MOFLFOFA- 18 


lt. 
6. FAK, .7UF 3K CY 
EXT. COMPONENTS SELECTED FOR: Rfeed- 4462 


25-6860 


LE0e1 


(uoneoddy 75009) OGWOD uOlye18uey pug YM UOHeo!|ddy yeoldA, :z2 eunBig 


‘BU - BU 


| cu 
cuss es 


CREU 47 cucc | 
ar a 188nF Eee *SU to 120 
9 e @ 


GREL S8GND REL 


Uce Usa AGNO 


SOL 


NOSWOHL-S5S ELS | 


SIINOULIATIOUSIN 


6L/ZL 


USS UCC GNDA 
OOK 
Sor 
dS 19K 
ETCSESZ7 


VERO O 
GSX O 


L3637 


(PLCC 34+16) 
OMCLKX 

OMCLKR/ 

O SCLK VFXI- O 

OBCLKR/ 

OFSR 


deste PARALLEL 


OIGITAL 
INTERE ACE 


UF XT TTX SIGNAL ¢ 
’ CAC ILTF ROC 


(1) RESISTORS R1 Co R4 PROGRAM 


TX, RX GAINS. CRT 


— 396nF 


EXT. COMPONENTS SELECTED FOR: Rfeed-4a0n 6. 34K, ye | KN 
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aa 
189 —1 ase 
Lee 2880 RT 
1511] = 
PTC RP 
RING = 
[ | ase 180 
SRING O—-f 
33K 


QexT 
MJIESSB 268 


237K 0 


MGILICI”-11 


(uoHeo|ddy 7009) OAINOD UOHe18Uad js} YM UOHeoddy jeoldA| :g aanBiy 


Zeo0e1 


901 
61/814 


NOSINOHL-S)S thy 


SOINOULITTIOUIIN 


«SU -$U 


| cu 
Ss 4 


cucc 
188nF a *SU ta 12U 
teone | 
e J 


J J a @ 
CREV Vee Uss AGNO GREL BGND REL 


REL 


| 
RST 
STIPO nee 
TIPO = 5 
16 ¢ 
CCOMP ZAC aad 


11 = 

166pF mi O (1) = 
PTC 
RING O — 


TSS676 : z RSR 180 
weuG L3637 SRING C 


(PLCC 34+16) 


FIKN 
MJE3SB 
BASE 0 oe 


UB 


4Hin 3.3NF 
CSUR URING 


TCAC [ Roc | N-c.  T = 680nF UBAT 
Hy | 


RREF 


4e7ue 2+76K2 ae 23.7K0 


EXT. COMPONENTS SELECTED FOR: Rfeed~4862 

Z23s~S6GN + 2.12uF 

Rp «629 MIGFLIEI7-12A 
(1) ZAC » 39KR* (186K2//SSnF } 


ZE0e1 


(uoneoddy *S°N) OGINOD UO!Te18Uay pug YyM UOReOI|ddy jeoldA| 76 aunbi4 


ZOL 


NOSIWOHL-S9S ELS | 


SDINOULIATIOYUIIN 


61/6} 


ETCS8S4 
YVFRO O 


PARALLEL 
OIGITAL 
INTERFACE 


RESISTORS R1 ta R4 PROGRAM 

TX. RX GAINS. 

ZAC « 39KQ + (18BKR //SSNF } 

ZA - 39K ¢ (1BBKO //SSnF ) 

ZB - 82.SKQ * (SK 7/16GpF} LOADED LINE 
- 46K + (SKE 7/1nF INGOT LOADED LINE 


CAC ILTF 


V = 
rear, = 
e J 


CREU Vee Us6s 


OL ounbiy 


(SU to 12U 


J e e ea 
AGNO GREL BGND REL 


RST 


STIPO bea 
33K% PTC a RP 
TIPO maa pe > TIP 


a 
1801 —| 62n 


| 3037 mee , 2880? RT 
(PLCC 34+16) hex PTC RP 
RINGO cma 
gan ea 
SRING O = 
33K0 
0 GEXT 


cr MJE3SB 
Rae 338ne 
. —s 


UBAT CLUB _- 
BAT CUBA 


(uoneaddy °S'N) OPWOD UOlTe19Uary JS} YIM UOHeO!|dde jeadA 


@ e e 
| = 


4.7up 2+76KA CRT 


EXT. 


398nF MIILIOI7- 190 


COMPONENTS SELECTEO FOR: Rfeed-468 
Z6-966N% + 2.12uF 
Z(~16S56 0 //(166¢? «+ Sn&} LOADED LINE 
Z(~-8480 77(186BQ + SBGnF) NOT LOADED LINE 
Rp~622 


LE0eT 


AY), Sitpoucmmomes 


L3000N 
L3092 


SLIC KIT OPTIMIZED FOR APPLICATIONS WITH BOTH 
FIRST AND SECOND GENERATION COMBOS 


es PROGRAMMABLE DC FEED RESISTANCE 
AND LIMITING CURRENT (25/40/60mA) 

es LOW ON-HOOK POWER __ DISSIPATION 
(5OmW typ) 

e SIGNALLING FUNCTION (off-hook/GND-Key) 

s QUICK OFF-HOOK DETECTION IN CVS FOR 
LOW DISTORTION (< 1 %) DIAL PULSE DE- 
TECTION 

e HYBRID FUNCTION 

RINGING GENERATION WITH QUASI ZERO 
OUTPUT IMPEDANCE, ZERO CROSSING IN- 
JECTION (no ext. relay needed) AND RING 
TRIP DETECTION 

es ABSOLUTELY NO NOISE INJECTED ON 
ADIACENT LINES DURING RINGING SE- 
QUENCE 

ep AUTOMATIC RINGING STOP WHEN OFF- 
HOOK IS DETECTED 

a TEST MODE ALLOWS LINE LENGHT MEAS- 
UREMENT 

» PARALLEL LATCHED DIGITAL INTERFACE 

LOW NUMBER OF EXTERNAL COMPO- 
NENTS WITH STANDARD TOLERANCE 
ONLY : 9 1% RESISTORS AND 5 10-20% CA- 
PACITORS (for 600 ohm appl.) 

» POSSIBILITY TO WORK ALSO WITH HIGH 
COMMON MODE CURRENTS 

e GOOD REJECTION OF THE NOISE ON BAT- 
TERY VOLTAGE (20dB at 10Hz ; 35cB at 
1KHz) 

s INTEGRATED THERMAL PROTECTION 

e SURFACE MOUNT PACKAGE (PLCC28 + 
PowerSO-20) 

a 0°C TO 70°C: L3000N/L3092 

an -40°C TO +85°C: L3000NT/L3092T 


DESCRIPTION 


The SLIC KIT (L3000N/L3092) is a set of solid 
state devices designed to integrate many of the 
functions needed to interface a telephone line. It 
consists of 2 integrated devices ; the L3000N line 
interface circuit and the L3092 control unit. 


The kit implements the main features of the 
BORSHT functions: 

- Battery feed (balance mode) 

- Ringing Injection 


November 1994 


PRELIMINARY DATA 


PLCC28 
ORDERING NUMBER: 
L3092FN 


ORDERING NUMBER: 
L3092N 


PowerSO-20 
ORDERING NUMBER: 
L3000NSO 


FLEXIWATT15 
ORDERING NUMBER: 
L3000N 


- Signalling Detection 
- Hybrid Function 


The SLIC KIT injects the ringing signal in bal- 
anced mode and requires a positive supply volt- 


‘ age of typically + 72V to be available on the sub- 


scriber card. 


The L38000N/L3092 kit generates the ringing sig- 
nal internally, avoiding the requirement for expen- 
sive external circuitry. A low level 1.5Vrms input is 
required. (This can be provided by the combo). 


A special operating mode limits the SLIC KIT 
power dissipation to 50mW in on-hook condition 
keeping the on/off hook detection circuit active. 
Through the Digital Interface it is also possible to 
set an operating mode.that allows measurements 
of loop resistance and therefore of line lenght. 
This kit is fabricated using a 140V Bipolar tech- 
nology for L3000N and a 12V Bipolar I*L technol- 
ogy for L3092. 

Both devices are available PTH application 
(FLEXIWATT15 and DIP28) or SMD application 
(PowerSO-20 and PLCC28). 

This kit is specially suitable to Private Automatic 
Branch Exchange (PABX) and Low Range C.O. 
Applications. 
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L3000N - L3092 


PIN CONNECTIONS 


wo @N Ol GT & uF KE oF 


18 
Lt 
| oad 


PCIL IVFI- 32 
1891 3891-61 


DIP-28 


=~ oO wo fF a DN © O 


D94TL125 


M88L 3888-83 


FLEXIWATT15 PowerSO-20 


ABSOLUTE MAXIMUM RATINGS 


[| symbol) | Parameter | Unit _| 
| Vpt | Positive Battery Voltage CT CC tC“‘LSS«C*”d 
Vad Positive Supply Voltage 
Ves 
Va 

= 


| Vas | 
era Wee, Negative Supply Voltage 
|, | Max. Junction Temperature tO 
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L3000N - L3092 


THERMAL DATA 


L3000N HIGH VOLTAGE 
Thermal Resistance Junction to case (FLEXIWATT15 Max. 
Thermal Resistance Junction to ambient (FLEXIWATT15) Max. 


L3092 LOW VOLTAGE 


Thermal Resistance Junction to ambient Max. eT: ee ee 


Description 


[ae | A line termination output with current capability up to 100mA (Is is the current sourced 


from this pin). 


FLEX 

N° 
MNT_ | Positive Supply Voltage Monitor. 
5 Positive Battery Supply Voltage. 


4 BGND | Battery ground relative to the Vs, and the Vp. supply voltages. 
It is also the reference ground for TIP and RING signals. 


Positive Power Supply +5V. 
| 6 | 8 | vm | 2 wire unbalanced voltage input. 
7 VBIM_ | Output voltage without current capability, with the following functions: 
- give an image of the total battery voltage scaled by 40 to the low voltage part. 


- filter by an external capacitor the noise on. 


Le) 1,10,11, Negative Battery Supply Voltage. 
20 


| g | 12 | AGND Ground. All input signals and the Vpp supply voltage must be referred to this pi 


10 13 REF | Voltage reference output with very low temperature coefficient. The connected resistor 
sets Internal circuit bias current. 


13 16 lt High precision scaled transversal line current signal. Baty 
IT = 
100 
Scaled longitudinal line current signal. | la— Ib 
L= 77h, 
100 


15 19 RING | B line termination output with current capability up to 100mMA (Ip is the current sunk into 
this pin). 


I wae 2,18 Not connected. 


Notes: 1) Unless otherwise specified all the diagrams in this datasheet refers to the FLEXIWATT15 pin connection. 
2) All information relative to the PowerSO-20 package option should be considered as advanced Information on a new product now in 
developement or undergoing evaluation. Details are subject to change without notice. 


TI SGS-THOMSON en TO 
4 MICROELECTRONICS des 


L3000N - L3092 
PIN DESCRIPTION (L3092) 


Two wire unbalanced output carryng out the following signals reduced by 40: 
1) DC voltage to perform the proper DC characteristic. 

2) Ringing Signal 

3) Voice Signal 

A 


C line Impedance Adjustment Protection Resistances Compensation _ 
TX Transmit Amplifier Output 


4 COMP Comparator Input. This is the input comparator that senses the line voltage in power down and in 
automatic stand-by, allowing off hook detection in this mode. 


AUT Aut. Input. It is a part of the digital interface. Loaded when CS is low. 


MR Master Reset Input. When it is connected to ground the SLIC is forced in power down. It has an 


7 

| cs | ChipSelectinput, 
| GDK | Ground Key OutputEnabledbyCSLow. 
| c2__| StatecontolSignal2, 
| ci__| State Control Signal 1. Combination of C1 and C2 define operating mode of the high voltage part. | 
Low Level Ringing Signal Input. 


Ring Trip Detection 


CS 
GDK 
C2 
C1 
16 Longitudinal Line Current Input 
17 DC Feeding System 
18 IT Transversal Line Current Input 
la + lb 
tS 
100 
9 ACDC AC - DC Feedback Input. 
Positive Supply Voltage, +5V. 
Bias Setting Pin. 
Negative Supply Voltage, -5V. 
Analog and Digital Ground. 
Limiting Current Selection Input. Loaded when CS is low. 


Power Down Output. Driving the high voltage part LSOOON through the bias resistor RH. 


TX Amplifier Negative Input performig the two to four wire conversion. In case of application with ~ 
2nd Generation COMBO performing also the echo cancellation (ex TS5070/5071), this pin must 
be connected to GND. 


C AC Feedback Input. 
AC Line Impedance Synthesis. 


(“) Must be connected to a proper capacitor for power on reset or to Vpp if not used. Should not be left open. 
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L3000N BLOCK DIAGRAM 
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L3092 BLOCK DIAGRAM 
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L3000N - L3092 


FUNCTIONAL DIAGRAM 


LOOP 
SUPERYV 


Coe 


PYON RNG GDK ONHK LIN CS 


FUNCTIONAL DESCRIPTION 
L3000N - HIGH VOLTAGE CIRCUIT 


The L3000N line interface provides battery feed 
for telephone lines .and ringing injection. Both 
these operations are done in Balance Mode. This 
is very important in order to avoid the generation 
of common mode signals in particular during the 
pulse dialling operation of the telephone set con- 
nected to the SLIC. The IC contains a state de- 
coder that under external control can force the fol- 
lowing operational modes stand-by, 
conversation and ringing. 
In addition Power down mode can be forced con- 
necting the bias current resistor to Vpp or leaving 
it open. 
Two pins, IL and IT, carry out the information con- 
cerning line status which is detected by sensing 
the line current into the output stage. 
The L3000N amplifies both the AC and DC signals 
entering at pin 6 (VIN) by a factor equal to 40. 
Separate grounds are provided : 

- Analog ground as reference for analog sig- 

nals 
- Battery ground as a reference for the output 
stages 


The two ground should be shorted together at a 
low impedance point. 
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L3092 - LOW VOLTAGE CIRCUIT 


The L3092 Low Voltage Control Unit controls the 
L3000N line interface module providing set up 
data to set line feed characteristics and to inject 
ringing. An on chip digital parallel interface allows 
a microprocessor or a_ second’ generation 
COMBO as the TS5070 to contro! all the opera- 
tions. 


L3092 defines working states of Line Interface 
Circuit and also informs the card controller about 
line status. 


L3000N WORKING STATES 


In order to carry out the different possible opera- 
tions, the LS000N has several different working 
states. Each state is defined by the voltage re- 
spectively applied by pin 12 and 13 of L38092 to 
the pins 12 and 11 of LSOOON. 


Three different voltage levels (—3, 0, +3) are avail- 
able at each connection, so defining nine possible 
states as listed in tab. 1. 


Appropriate combinations of two pins define four 
of the five possible L3O000N working states that 
are: 

a) Stand-by (SBY) 

b) Conversation (CVS) 
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Table 1. 


Pin 13 of L3092 
(C1) 
Pin 11 of LZO00N 


+3 
-3 


c) Ringing (RING) 
d) Boost Battery (BB),(see Appendix B). 


The fifth status, Power down (PD), is set by the 
output pin PDO of the L3092 that disconnect the 
Bias Resistor, RH, of L3000N from ground. 


The main difference between Stand-by and 
Power down is that in SBY the power consump- 
tion on the voltage battery VB— (— 48V) is reduced 
but the L3000N DC Feeding and monitoring cir- 
cuits are still active, in PD the power consumption 
on VB- is reduced to zero, and the L3000N is 
completely switched off. 


SLIC OPERATING MODES 

Through the L3092 Digital Interface it is possible to 
select six different SLIC OPERATING MODES : 

1) Conversation or Active Mode (CVS) 

2) Stand - By Mode (SBY) 

3) Power - Down Mode (PD) 

4) Automatic Stand - By Mode (ASBY) 

5) Test Mode (TS) 

6) Ringing Mode (RNG) 


1) CONVERSATION (CVS) OR ACTIVE MODE 


This operating mode is set by the control proces- 
sor when the Off hook condition has been recog- 
nized, 


As far as the DC Characteristic is concerned two 
different feeding conditions are present : 


a) Current limiting region : the DC impedance of 
the SLIC is very high (> 20KQ) and therefore the 
system works like a current generator. By the 
L3092 Digital Interface it is possible to selects the 
value of the limiting current.: 


60mA, 40mA or 25mA. 


b) A standard resistive feeding mode : the charac- 
teristic is equal to a battery voltage (VB-) minus 
5V, in series with a resistor, whose value is set by 
external components (see external component list 
of L3092). 


Switching between the two regions is automatic 
without discontinuity, and depends on the loop re- 
sistance. The SLIC AC characteristics are guar- 
anteed in both regions. 


Fig. 1 shows the DC characteristic in conversa- 


pf Bin tot tn02 Pi $2 of L000N (C2) —__—___ 
ie. ee Se es Se 

| Stand-by | Conversation | NotUsed 
| Notused | Ringing 


Not Used 


Not Used 


tion mode. 


Fig. 2 shows the line current versus loop resis- 
tance for two different battery values and RFS = 
2002. 


The allowed maximum loop resistance depends 
on the values of the battery voltage (VB), on the 
RFS and on the value of the longitudinal current 
(Iapk). With a battery voltage of 48V, RFS = 2000 
and Iapk = OmA, the maximum loop resistance is 
over 30002 and with Iapk = 20mA is about 
20002 (see Application Note on maximum loop 
resistance for L3000N/L3092 SLIC KIT). 


In conversation mode the AC impedance at the 
line terminals is synthetized by the external com- 
ponents ZAC and FP, according to the following 
formula : 

ZAC 


ZML = <—~ +2. RP 


Depending the characteristic of the ZAC network, 
ZML can be either a pure resistance or a complex 
impedance. This allows for ST SLIC to meet dif- 
ferent standards as far as the return loss is con- 
cerned. The capacitor CCOMP guarantees stabil- 
ity to the system. 


The two to four wire conversion is achieved by 
means of a circuit that can be represented as a 
Wheatstone bridge, the branches of which being: 


1) The line impedance (Zline). 
2) The SLIC impedance at line terminals (ZML). 


3) The balancing network ZA connected between 
RX input and ZB pin of L3092. 


4) The network ZB between ZB pin and ground 
that shall copy the line impedance. 


It is important to underline that ZA and ZB are not 
equal to ZML and to Zline. They both must be 
multiplied by a factor in the range of 10 to 25, al- 
lowing use of smaller capacitors. 


In case the L3000N/L3092 kit is used with a second 
generation programmable COMBO (EG 
TS5070FN) which is able to perform the two to four 
wire conversion, the two impedances ZA and ZB 
can be removed and the ZB pin connected to GND. 


The -6dB Tx gain of the L3000N/L3092 SLIC kit in 
fact allows to keep the echo signal always within 
the COMBO Hybrid Balance Filter dynamic range. 


In conversation mode, the L3000N dissipates 
about 250mW for its own operation. The dissipa- 
tion related to the current supplied to the line shall 
be added, in order to get the total dissipation. 
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In the same condition the power dissipation of 
L3092 is typically 100mW. 


Figure 1: DC Characteristics in Conversation 
Mode 
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Figure 2: Line Current versus Loop Resistance - 
RFS = 200Q; Limiting Currents: 
25/40/60mA 
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2) STAND-BY (SBY) MODE 


In this mode the bias currents of both L3000N 
and L3092 are reduced as only some parts of the 
two circuits are completely active, control inter- 
face and current sensors among them. The cur- 
rent supplied to the line is limited at 10mA, and 
the slope of the DC characteristic corresponds to 
2X RFS. 

The AC characteristic in Stand-by corresponds to 
a low impedance (2 x RP) 

In Stand-by mode the line voltage polarity is just 
in direct condition, that is the TIP wire more posi- 
tive than the RING one as in Conversation Mode. 


When the SLIC is in Stand-by mode, the power 
dissipation of L3000N- does not exceed 
120mW from — 48V) eventually increased of a 
certain amount if some current is flowing into the 
line. 


The power dissipation of the L3092 in the same 
condition is typically 50mW. 

SBY Mode is usually selected when the tele- 
phone is in on-hook. It allows a proper off-hook 
detection also in presence of high common mode 
line current or with telephone set sinking few mil- 
liAmpere of line current in on hook condition. 


Figure 3: DC Characteristics in Stand-by Mode 
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3) POWER DOWN (PD) MODE 


In this mode the L3OOON present a high imped- 
ance (> 1 Mohm) to the line and cannot feed any 
line current. 


The L8092 forces LSOOON in Power Down discon- 
necting its bias Resistor, RH, from the ground 
through the output pin PDO. 


The power dissipation from the battery volt- 
age (— VB) is almost equal to zero and the power 
dissipation of L38092 is typically 50mW. 

The PD mode is normally used in emergency 
condition but can be used also in normal on-hook 
condition. 

In this case the off-hook detection is performed 


using the line sense comparator integrated in the 
L3092. 


The fig. 4 shows the functional circuit to perform 
the off hook detection in Power down mode. 

The resistor RR and RT feed the line current. The 
voltage at the terminal of the resistor RS con- 
nected to RING wire is normally — 48V. 


When there is a loop resistor between TIP and 
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RING wires the voltage will increases to — 24V. 


The comparator C1 will change its output voltage 
from low to high level. 


If the Chip Select input (CS) is low the ONHK out- 
put pin will be set to low level (+ OV) indicating 
that the off hook condition is present. 


This off-hook detection circuit can be influenced 
by common mode signal present on RING Termi- 


nal. The capacitor Cs is used to filter this common 
mode signal. 


In the case of very high common mode signal af- 
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ter the detection of a low level on the ONHK out- 
put pin, it is suggested to set the SLIC in Stand- 
by. In this operating mode the off-hook detection 
circuit is not sensitive to the line common mode 
signal. 


If in Stand-by Mode the off-hook detection is not 
confirmed (ONHK output set to high level) we 
suggest after few second to set the SLIC again in 
Power Down Mode. 

Total operation is managed by line card control- 
ler. 


Figure 4: Off-hook Detection Circuit in Power Down Mode 
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Figure 5: Off-hook Detection Circuit in Automatic Standby Mode 
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4) AUTOMATIC STAND - BY (ASB) MODE 


This is an operating mode similar to the Power 
Down Mode, but with the software procedure to 
detect off-hook condition integrated in hardware 
on chip. 

Fig. 5 shows the functional circuit activated in this 
mode. 


When the off-hook condition occurs RING wire 
voltage goes high (from - 48V to - 24V). 
The output of the comparator C1 will go high set- 
ting the output of the flip - flop FF high. 


Therefore L3092 will set LZOOON in Stand-by pro- 
viding a ground signal at pin PDO. 

At the same time the external capacitor CINT will 
be slowly charged. 


In Stand-by the internal off-hook Detection circuit 
will be activated and will check if the off-hook con- 
dition detected by the comparator C1 was true or 
not true. 


If the off-hook condition is confirmed the SLIC will 
be kept in Stand-by Mode and the output ONHK 
will go low when CS is low. 


If the off-hook condition is not confirmed the SLIC 
will be kept in Stand - By only for a few seconds. 
(typ. 5sec). When the voltage at CRT out put will 
reach the Vrer value the C2 comparator will reset 
the FF Flip - Flop and therefore the SLIC will be 
set again in Power Down. 


The Automatic Stand-by (ASBY) Mode combine 
the key characteristics of Power Down (PD) and 


TIP 


__}+—9 
RP1 58 


C—}+—° RING 
RP2 582 
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Stand-by (SBY) Modes in particular it is charac- 
terized by a very low power consumption (as the 
Power Down mode) and a sophisticated off hook 
detection circuit (as the Stand-By mode). 


The card controller will receive the off-hook infor- 
mation from the pin ONHK only after that it is 
checked and confirmed by the internal off-hook 
detector that is not sensitive to spikes and com- 
mon mode line signal. Therefore the software re- 
quired to manage the SLIC will be very simple. 


5) TEST (TS) MODE 


When this mode is activated the SLIC will be set 
in conversation mode keeping the initial value of 
limiting current. 


The GDK output pin of L38092 Digital Interface will 
be set to "0" if the SLIC is operating in the limiting 
current region of the DC characteristic, see fig. 1 
and 2. GDK output will be set to 1 if the SLIC is 
operating in the resistive region. 


The SLIC will work in one of the two region de- 
pending on the loop resistance and the pro- 
grammed limiting current value. 


By changing the liming current value selected in 
conversation mode it is possible to measure the 
Loop Resistance and therefore the line lenght 
connected to the SLIC. 


The following table shows the ranges of the loop re- 
sistance that set the GDK output pin to high and 
low level in correspondance of all the possible limit- 
ing current values (25/40/60mA) with RFS = 200Q. 
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lf, for example, the loop resistance is 400Q the 
GDK output will be 0 only when the limiting current 
value is 40 or 25mA. 


The card controller can program consecutive Test 
Mode and Conversation Mode with different limiting 
current in order to individuate the range of loop re- 
sistance as shown in the flow chart of fig. 6. 


The information of the Loop Resistance Range 


Figure 6: Procedure for Loop Resistance Evaluation. 


PROGRAM CUS-68mA 


PROGRAM TEST MODE 


RLOOP < 388ohm 


388<RLOOP<6S80hm 


6 


Limiting Current GDK = 0 : GDK = 1 


60mA (0 — 300) ohm >300 ohm 
40mA (0 — 650) ohm >650 ohm 
25mA (0 — 1300) ohm >1300 ohm 


L3000N - L3092 


can be very useful to optimize the transmission 
characteristics of the Line Card to each line. 


For example, if a second generation COMBO like 
TS5070 is used the Card Controller can use this 
information to change the Tx, RX Gains and echo 
cancellation characteristics into the programma- 
ble COMBO improving the quality of the system. 


PROGRAM CUS 48mA 
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6) RINGING MODE 


When the ringing function is selected by the con- 
trol processor a low level signal (1.5Vrms) with a 
frequency in the range from 16 to 70Hz, perma- 
nently applied to the L3092 (pin RGIN), is ampli- 
fied and injected in balanced mode into the line 
through the L3000N with a super imposed DC 
voltage of 24V typ. 


This low level sinewave can be obtained also 
from COMBO connecting RGIN pin to RX 
COMBO output with a decoupling capacitor. 


The first and the last ringing cycles are synchro- 
nized by the L3092 so that the ringing signal al- 
ways starts and stops when the line voltage 
crosses zero. 


When this mode is activated, the L3000N oper- 
ates between the negative and the positive bat- 
tery voltages typically - 48V and + 72V. The im- 
pedance to the line is just equal to the two 
external resistors (typ. 1002). 


Ring trip detection is performed autonomously by 
the SLIC, without waiting for a command from the 
control processor, using a patented system which 
allows detection during a ringing burst ; when the 
off-hook condition is detected, the SLIC stops the 
ringing signal and forces the Conversation Mode. 
In this condition, if CS = OV, the output pin ONHK 
goes to OV. 

After the detection of the ONHK = 0, the Card 
Controller must set the SLIC in Conversation 
Mode to remove the internal latching of the 


Operating Mode 


Conversation 25mA 
Conversation 40mA 1 0 
Conversation 60mA 1 0 


Stand-b 


Ringing (CVS 25mA) 1 1 
Ringing (CVS 40mA) 1 1 
Ringing (CVS 60mA) 


| imputPin, | utp Pin 
| RNG |pwon{ aut | um | onHK | GK 
1 


1 on-hook 
0 off-hook 


~x< 


|X _| Ct Comparator Output 


otxl|x< 


On/Off hook information. 


CONTROL INTERFACE BETWEEN THE SLIC 
AND THE CARD CONTROLLER 


The SLIC states and functions are controlled by 
microprocessor or interface latches of a second 
generation combo through seven wires that de- 
fine a parallel digital interface. 


The seven pins of the digital interface have the 
following functions : 

- Chip select input (CS) 

- Power on/off input (PWON) 

- Ring enable input (RNG) 

- Automatic SBY input (AUT) 

- Limiting current input (LIM) 

- On hook/Off hook detection output (ONHkK) 

- Ground Key detection output (GDK) 


The four input pins PWON, RNG, AUT and LIM, 
set the status of the SLIC as shown in the follow- 
ing table. 


The output pin ONHK is equals to OV when the 
line is in OFF hook condition (line > 7,5mA) and is 
equal to + 5V when the line is in On hook condi- 
tion (line < 5,5mA). 


The output pin GDK monitors the ground key 
function when the SLIC is in Conversation (CVS) 
Mode and the DC operating region (limiting or re- 
sistive) in Test (TS) Mode. When the SLIC is in 
Conversation (CVS) Mode and lapx (longitudinal 
current) > 12mA, pin GDK is set to OV ; 


0 Limiting Region 


1 Resistive Region 
Disable 


1 on-hook 
0 off-hook 


N.B. : When Ringing Mode is selected, you must choose also which of the three possible Conversation Modes The SLIC will automatically 


select if Off-Hook condition will be detected during ringing 


When lIapk < 8mA, pin GDK set to + 5V 


The longitudinal current (Ilapx) is defined as fol- 
lows : 


Where la is the current sourced from pin TIP and 
lb is the current sunk into pin RING. 


The CS input pin allows to connect the I/O pins of 


IapK = Ib = la the digital interfaces of many SLIC together. 
2 
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It is possible to do it because : 


When the CS = + 5V the output pins (ONHK, 
GDk) are in high impedance condition (> 100KQ). 
The signals present at the input pins are not 
transfered into the SLIC. 


When the CS = OV the output pins change in 
function of the values of the line current (line) and 
the longitudinal current (IGpk). The operating 
status of the SLIC are set by the voltage applied 
to the input pins. 


The rising edge of the CS signal latches the sig- 
nal applied to the input pins. The status of the 
SLIC will not change until the CS signal will be 
again equal to zero. 

See timings fig 7 & 8. 


An additional input pin MR (Master Reset) can be 
useful during the system start up phase or in 
emergency condition. 

In fact when this pin is set to "0" the SLIC will be 
set in POWER DOWN MODE. This pin has an in- 
ternal pull-up resistor of about 200KQ 


Figure 7: Typical Application Circuit 
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EXTERNAL COMPONENTS LIST 


To set up the SLIC kit into operation, the following 
parameters have to be defined : 


- The DC feeding resistance RFS, defined as 
the resistance of each side of the tradi- 
tional feeding system (most common value 
for RFS are 200, 400 or 500). 


- The AC input/output SLIC impedance at line 
terminals, ZML, to which the return loss 
measurement is refered. It can be real 
(typically 6002) or complex. 

- The equivalent AC impedance of the line 
Zline used for evaluation of the trans-hy- 
brid loss (2/4 wire conversion). It is usually 
a complex impedance. 

- The frequency of the ringing signal Fr (SLIC 
can work with this frequency ranging from 
16 to 68Hz). 

- The value of the two resistors RP in series 
with the line terminals ; main purpose of 
the a.m. resistors is to allow primary pro- 
tection to fire.. 


With these assumptions the following compo- 
nents list is defined : 


YB+ BGND UB- 
AF AT 


CuBe | CUB- 


TIP 


L3000N 


RING 


M981 9892-88 


¥ IF 2/4 UVIRE CONVERSION IS IMPLEMENTED WITH 2nd GENERATION 
COMBO 2A AND 2B SHOULD BE REMQUED AND ZB PIN CONNECTED TG GND 
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EXTERNAL COMPONENT LIST FOR THE L3000N 


Componen ' 
p t Involved Parameter or Function 
| Ret | Value ———Ci=*”T 


22.5KQ 42% 
| RP 30 to 1002 Lines Series Resistor 

CDVB 47uF - 20V +20% Battery Voltage Rejection 
0.1pF - 100V +20% Positive Battery Filter 
S 


0.1uF - 100V +20% (note 1 Negative Battery Filter 
BAT49X (note 2) Protective Shottky Diode 


AC Loop C ti 
with fp = 200KHz oop Compensation 


1 
21 fo ( 50 Rp ) 


| RPC 25 x (2xRP Rp Insertion Loss Compensation 
i RDO =| 2 x (RFS - RP) DC Feeding Resistor (RDC > 2000 


63.4KQ +1% Bias Resistor 
K x Zu (note 3 SLIC Impedance Balancing Network 


PC 

DC 

L 

A 

Le K x Zline )//( = x CCOMP ) (note 4)| Line Impedance Balancing Network 

- 

S 

S 
MR 


Ring Trip Detection Time Constant 
PA. a AKO. 
fe SRA | es A | 
| RS [| 4.5MQ (notes) 


47nF To be used only if high common mode rejection in Aut. SBY 
mode and in Power Down mode is requested (note 7) 
100nF To be used only if Power on reset requested. The capacitor 
value depends on Vpp rise time. 
Notes: 


1) In case line cards with less than 7 subscribers are implemented CVB- capacitor should be equal to 680nF/N where Nis the number of 
subscriber per card. 

2) This shottky diode or equivalent is necessary to avoid damage to the device during hot insertion or tn all those cases when a proper power 
up sequence cannot be guaranteed. In case the Shottky diode ts not implemented the power sequence should guarantee that VB+ is always 
the last supply applied at power on and the first removed at power off. 

In case an other shottky diode type ts adopted it must fulfill the following characteristics: 
Ve <450mV @ Ir=n 15mA, Tam = 25°C 

Ve < 350mV @ Ir=n 15mA, Tam = 50°C (Tj3000 = 90°C) 

Ve < 245mV @ Ir =n - 15mA, Tamb = 85°C (Ty3000 = 120°C) 

Where n is the number of line sharing the same diode. 

3) The structure of this network shall copy the SLIC output tmpedance multiplexed by a factor K = 10 to 25. This network must be removed 
when 2/4 wire conversion ts implemented with 2nd generation COMBO (EG. TS5070). 

4) The structure of this network shall copy the line impedance, Zline, multiplexed by a factor K = 10 to 25 and compensate the effect of CCOMP 
on transhybrid rejection. This network must be removed when 2/4 wire conversion Is implemented with 2nd generation COMBO (EG TS5070). 

5) The CINT value depends on the ringing frequency Fr. 

6) Value related to Vb = 48V application, for application with different battery voltages should be properly dimensioned (see Fig 4). 

7) Ex.: For line leakage resistance to GND equal to 500KQ, the common mode rejection is 5Vp without CS and about 10Vp with CS - 


Resistors used only in the automatic stand-by mode. 


Table 2 


16/18 
180 


The CINT value can be optimized experimentally the minimum line lenght and the higher number of 
for each application choosing the lower value that ringers doesn’t produce false off-hook detection. 
in correspondance of the lower ringing frequency, 


eres f SGS-THONMSON 
122 YH wicroevecrromes 


L3000N - L3092 


ELECTRICAL CHARACTERISTICS (Vpp = +5V; Vss = -5V; Vez = +72V; VB- = —48V; Tamb = +25°C (1) 


STANDBY 

| Symbol | Parameter |__—Test Conditions | Min. | Typ. | 
|_Vis__| Output Voltage at L3000N Terminals | ILine=OmA | a 

| lice | Short CircuitGurent | | 8285 
|__lot__| Off-hook Detection Threshold | Sf || 88 
| Hys | Off-hook/on-hook Hysteresis | tt | 
[vis | simmety toGround |r 


CONVERSATION 


[Smet [Parameter [Test Ganons Tin yp [ax [tit 
Guipa Vole at Ls000N Teminas [itne=oma || as | |v 


i Current Programmed Through the llim llim mA 
LIM and AUT Inputs —10% +10% 
— 2 ott hook Detection Threshold -Otthoak Detecion Treshod __}_}_s8_{____|_3e_|_mA_ 
Off-hook/on-hook | Off-hook/on-hook Hysteresis =| | 25 ‘| ma | 


eget Pa Pa 
Detect 


POWER-DOWN 
Symbol | __— Parameter |__—sTest Conditions | _min. | Typ. | Max. | _Unit_| 
Von Input Voltage at Pin COMP to Set —100 
the Output Pin ONHK = 1 
Input Voltage at Pin COMP to Set 
the Output Pin ONHK = 0 


Output Current at Pin COMP COMP = GND 


SUPPLY CURRENT 
Symbol Parameter | Min. | Typ. | Max. | Unit 
Positive Supply Current Power Down/aut. Stand-by 5:7 mA 


CS =1 Stand-by 
Conversation 
Ringing 


Negative Supply Current Power Down/aut. Stand-by 
CS =1 Stand-by 
Conversation 


Ringing 

Negative Battery Supply Current Power Down/aut. Stand-by 
Line Current = OmA Stand-by 
Conversation 

Ringing 

Positive Battery Supply Current Power Down/aut. Stand-by 
Line Current = OMA Stand-by 
Conversation 

Ringing 
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AC OPERATION 


Test Conditions 
| Zk Sending Output Impedance on TX 


N 
On 
q 
io) 
nN 
oT 


Z|x 
THD Signal Distortion at 2W and 4W ms 


2W Retum Loss f = 300 to 3400Hz 22 


Thl Transhybrid Loss f = 300 to 3400Hz 


VR 
20l0g10 Vs | 


| Gs Sending Gain (2) Vso = OdBm; f = 1020Hz 6.27 | -6.02 
Sending Gain Flatness vs. f = 300 to 3400Hz 
Frequenc Respect to 1020Hz 
Sending Gain Linearity fr = 1020Hz 
Vsoref = —10dBm 
Vso = +4 /—40dBm 
| Gr | ReceivingGan_ | Vl = dBm; # = 1020Hz | -0. 


Receiving Gain Flatness f = 300 to 3400Hz 
Respect to 1020Hz 


Receiving Gain Linearity fr = 1020Hz 
Vriref = —-10dBm 
Vrl = +4 /-40dBm 
Np4w Psophomet. Noise 4W - Tx 
Terminals 


Np4w Psophomet. at Line Terminals 
SVRR f = 10Hz Vn = 100mVrms 
f=iKHzVn=100mVims| | S| 35] BC 


f=3.4KHzVn=100mVims| «| sds 
onversion 
I line = 30mA 
Tle Transversal to Longitudinal 48 51 
Conversion 
Notes: 


ZML = 6002 
(*) 52dB using selected L3000N 
(1) The datasheet certifies the electrical characteristics at 25°C. For applications requiring operations in the standard temperature range (0°C 
to 70°C) use L3000N/L3092 If operations are required in the extended temperature range (-40°C to +85°C), use the kit LZO00NT/L3092T. 
(2) value optimized for programmable COMS8O Hybrid Balance Filter 
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RINGING PHASE 


Parameter 
Vir Superimposed DC Voltage 


Rloop > 100kQ 
Vacn = 1.5Vrms/30Hz 


Rloop = 1KQ + 1pF 
Vren = 1.5Vrms/30Hz 


DC Off-hook Del Threshold 
Output Current Capabilit 


Vrs 


ir 

rr 

rt fring = 25Hz (T = 1/fring) 
Toh Off-hook Status Delay after the CINT = 470nF 
Ringing Stop 


DIGITAL INTERFACE ELECTRICAL CHARACTERISTICS 
(Vop = +5V; Vss = -5V; Tamb = 25°C ") 
STATIC ELECTRICAL CHARACTERISTICS 


Symbol TestConditions | Min. | Typ. 
Input Voltage at Logical "0" | ee ee ee 
— Pins CS PWON LIM 
Input Voltage at Logical "1" 
Vil Input Voltage at Logical "0" ; a 
Pins RNG-AUT 
Input Voltage at Logical "1" 
| til | input Current at Logical"o" | All logicpins vil=ov |__| 
Input Current at Logical "1" Vih = 5V P| 


Output Voltage at Logical "0" Pins ONHK GDK 


. wan lout = -1 mA 
Voh Output Volatge at Logical "1 ear a 
Tristate Leak Current ek eae (en es Ee ed 


| ua | PulupMR Output Curent | mR="o" | 80 


DYNAMIC ELECTRICAL CHARACTERISTICS 


ae 

| Max. 

ae 
eed 

CS Impulse Width (writing op. oe al 
ead 


ONHK, GDK High Imped. to "1 "CS 
Delay 


CS Impulse Width (writing op.) 


ONHK, GDK Data Out to "0" CS 
Dela 


(1) The datasheet certifies the electrical characteristics at 25°C. For applications requiring operations in the standard temperature range (0°C 
to 70°C) use L3000N/L3092. If operations are required in the extended temperature range (-40°C to +85°C), use the kit LSO0ONT/L3092T. 
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Figure 8: Writing Operating Timing (controller to SLIC). 


M&9L 3691-18 


Figure 9: Reading Operating Timing (from SLIC to controller). 


OUTPUT HIGH = | \ HIGH 
DATA IMPEDANCE VALID DATA IMPEDANCE 


NESLIBGI-123 
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Figure 10: Test Circuit 
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VB+ BGND UB- 


AGND UBt BGND 
 UDD 


UIN 
IT 


bes 


C4 


C2 RING 
25 22.5K 16 
al ; REF 


, VBIM 


4? foe. 
| 3482 


= 47UF 


MSO) 8$492-89A 


A, B, C, D are test reference points used during testing. 
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+S +72 BGND BAT49X 


33@pF 10% | 3A : >To VB= pin 
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ORG ure 
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cs Iu4 ROC 
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CI IL4 ONHK 
ILS GOK 
MR 


1uF-18U 26% +5U¢ 
G@.iuF-18U 26% -SvUo 


PDO 


ACOC 


CAC 
CS MR COMP 


Jey 1BBPF J IBEpF wet 65 
i (*) L. ¢%) i 


(*¥} This capacitor is requested only if this 
pin will be used to select H.I. made. MIBLIGIZ-18R 


196@nF supply filtering capacitors are assumed to be present 
on each IC supply pin 
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fal 
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50 Sia 
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=Te) 

Bez 
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UFRI- 
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R18 
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16BpF : 
(#) am a (*) 


This capacitor is requested only if Ehis 
pin will be used to select H.I. mode. 


1@@nF supply filtering capacitors are assumed to be present 
on each IC supply pin 


Resistor R? tp R18 program TX/RX gains 

R7+RSB ~6ABohm: if higher values are used Ri (ZAC) should be dimensioned 
considering also RZ and RS effect. in fact for proper operation Ri 

in supposed to be connected to a iow impedance paint 


oTo VB= pin 
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APPENDIX A 

SLIC TEST CIRCUITS 

Referring to the test circuit reported at the end of 
each SLIC data sheet here below you can find the 
proper configuration for each measurement. 

In particular: 


TEST CIRCUITS 
Figure A1: Symmetry to Ground 


Figure A2: 2W Returns Loss 


RL = 20 log 


| Zui + Z | 


A-B: Line terminals 

C: Tx sending output on 4W side 
D: Rx receiving input on 4W Side 
E: TTx teletaxe signal input 

Rain: low level ringing signal input. 


NEISLIC-84 


M@9SLIC-G2. 


Lém.- <1 _ 90 jog LES 


[E | 
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TEST CIRCUITS (continued) 
Figure A3: Trans-hybrid Loss. 


M89SLIC-O3 


Figure A4: Sending Gain 


HBOSLIC-B4 


Figure AS: Receiving Gain 


IL-36mA 


MESSLIC-8S 
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TEST CIRCUITS (continued) 
Figure A6: PSRR Relative to Battery Voltage VB- 


MBSSLIC~-B6A 


 KESSLIC-87 


Figure A8: Longitudinal to Transversal Conversion 


1BBuUF 


3882 a | 
6BBQ/] Up IL +3amA | 
+. 1/3902 4», | 


160vUF 
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TEST CIRCUITS (continued) 
Figure A9: TTX Level at Line Terminals 


28622 
re 


IL=38mA 


2.2UF 


M89SLIC~O9A 


Figure A10: Ringing Simmetry 
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APPENDIX B 

ADDITIONAL OPERATING FEATURES 

Two further operating modes are provided on the 
L3092, boosted battery and ring pause. Both of 
these Modes are accessed by appllying a high 
impedance on inputs AUT and or RING of the 
digital interface. 


1.Boosted Battery (BB) 
This operating mode is equivalent to conversation 
mode with respect to AC and signaling functions 
but with the following changes to the DC charac- 
teristics: 

a) Current limiting value fixed at 25mA. 


b) Characteristic in the resistive feeding re- 
gion corresponds to a battery voltage 
equal to (-5 + |VB-| + VB,)Volt in series 
with the same feeding resistor utilized in 
the DC characteristic of conversation 
mode. 


BB mode is typically used to feed long lines 
(20mA/4Kohm) and to implement special func- 
tions such as message waiting where high volt- 
age signals are required. 


Further information about this opersating mode 
may be found by referring to the L3000/L3030 
datasheet. 


2.Ringing Pause Mode 


During Ring Pause - Mode the SLIC is always in 
ringing mode but the AC ringing signal is not in- 
jected into the line. This mode allows to avoid any 
common mode voltage variation of TIP and RING 
wire during the transition bteween Ringing Burst 
and Ringing Pause. This feature is used in appli- 
cation where it is mandatory to avoid perturba- 
tions on adjacent lines during ringing injection. 
For example when in the same system analog 
lines are used both for speech and modem trans- 
mission. 


The following table shows all operating modes of 
L3000/L3092 SLIC KIT. Boosted Battery or Ring- 
ing Pause Modes are selected by applying a high 
impedance (HI) to input pins RNG and/or AUT. 


Included also in this table are the operating 
modes to which the SLIC defaults automatically 
during ringing mode when OFF HOOK is de- 
tected. 


CONTROL INTERFACE BETWEEN THE SLIC AND THE CARD CONTROLLER 


Operating Mode 


Uv 
a a ee ee a ee SN oe ge ys 
Oo 
= 


Conversation 25mA 
Conversation 40mA 
Conversation 60mA 


Boosted Battery 25mA 
Stand-b 

Automatic Stand-b 
Power Down 

Test Mode 


1 


Ringing Inj. (CVS 25mA) 
Ringing Inj. (CVS 40mA) 
Ringing Inj. (CVS 60mA) 


Ringing Inj. (BB 25mA 


Ringing Pause (CVS 
25mA) 
Ringing Pause (CVS 
40mA) 
Ringing Pause (CVS 
60mA) 


Ringing Pause (BB 25mA) HI 
NB: 
HI = High Impedance 
BB = Boosted Battery 


1 


26/27 


1 Ground key not 
detected 
0 Ground key detected 


1 on-hook 
0 off-hook 


Ci Comparator Output Disable 


1 on-hook 0 Limiting Region 
- | 1 Resistive Region 


0 off-hook 


1 on-hook 
0 off-hook 
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APPENDIX C plane common to the line card). 
LAYOUT SUGGESTIONS 3) The L3092 bias resistor (RL) should be 
; connected close to the corresponding pins 
Standard layout rules should be followewd in or- of L3092 (REF and GND). 
der to get the best system performances: Avoid any digital line to pass close to REF 
1) Use always 100nF filtering capacitor close pin. 
to the supply pins of each I.C. Eventually screen REF pin with a GND 
2) Connect together BGND and AGND at a track. 


low impedance point. (e.g. on a ground 


—T7 SGS-THOMSON ae eee eee aD naa we PO 
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L3234 
L3235 


HIGHLY INTEGRATED SLIC KIT TARGETED TO PABX 
AND KEY SYSTEM APPLICATIONS 


« HIGHLY INTEGRATED SUBSCRIBER LINE 
INTERFACE KIT FOR PABX AND KEY SYS- 
TEM APPLICATIONS 

» IMPLEMENTS ALL KEY ELEMENTS OF THE 
BORSCHT FUNCTION i 

2 INTEGRATED ZERO CROSSING BALANCED 
RINGING INJECTION ELIMINATES EXTER- 
NAL RELAY AND CENTRALISED RINGING 
GENERATOR 

» ZERO NOISE INJECTED ON ADJACENT 
LINES DURING RINGING SEQUENCE 

a LOW POWER IN STANDBY AND ACTIVE 
MODES 

n BATTERY FEED WITH PROGRAMMABLE 
LIMITING CURRENT 

s PARALLEL LATCHED DIGITAL INTERFACE 

n SIGNALLING FUNCTIONS (OFF HOOK, 
GND-KEY) 

» LOW NUMBER OF EXTERNAL COMPO- 
NENTS 

» INTEGRATED THERMAL PROTECTION 


e INTEGRATED OVER CURRENT PROTEC- 
TION 


e 0°C TO 70°C: L3234/L3235 
m -40°C TO 85°C: L3234T/L3235T 


DESCRIPTION 


The L38234/L3235 is a highly integrated SLIC KIT 
targeted to PABX and key system applications 


The kit integrates the majority of functions re- 
quired to interface a telephone line. The 
L3234/L3235 implements the main features of the 
broths function: 


- Battery Feed (Balanced Mode) 

- Ringing Injection 

- Signalling Detection 

- Hybrid Function 

The Kit comprises 2 devices, the L3234 ringing 


January 1995 


HEPTAWATT 


ORDERING NUMBER: L3234 


PLCC28 


ORDERING NUMBER: L3235 


injector fabricated in Bipolar in 140V Technology. 


Its function is to amplify and inject in balanced 
mode with zero crossing the ringing signal. The 
device requires an external positive supply of 
100V and a low level sinusoid of approx. 
950mVrms. The L3235 Line Feeder is integrated 
in 60V Bipolar Technology. The L3235 provides 
battery feed to the line with programmable current 
limitation. The two to four wire voice frequency 
signal conversion is implemented by the L3235 
and line terminating and balance impedances are 
externally programmable. The L3234/L3235 kit is 
designed for low power dissipation. In a short 
loop condition the extra power is dissipated on an 
external transistor. The Kit is controlled by five 
wire parallel bus and interfaces easily to all first 
and programmable second generation COMBOS. 
(see figg. 1 and 2) 
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DESCRIPTION 


The L3234 is a monolithic integrated circuit which 
is part of a kit of solid state devices for the sub- 
scriber line interface. The L3234 sends a ringing 
signal into a two wires analog telephone line in 
balanced mode. The AC ringing signal amplitude 
is up to 60Vrms, and for that purpose a positive 
supply voltage of +100V shall be available on the 
subscriber card. 


The L38234 receives a low amplitude ringing sig- 
nal (950mVrms) and provide the voltage/current 
amplification (60Vrms/70mA) when the enable in- 
put is active (CS = 2V). In disable mode (CS < 
0.8V) the power consumption of the chip is very 
low (<14mW). 


The circuit is designed with a high voltage bipolar 
technology (VcEo > 140V / VcBo > 250V). 


BLOCK DIAGRAM 
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a PROTECTION 


zx ate be 
RRENT 9 
i sane es i 
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HEPTAWATT 


The package is a moulded plastic power package 
(Heptawatt) suitable also for surface mounting. 
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PIN CONNECTION (Top view) 


DIFTLIF1 


ABSOLUTE MAXIMUM RATINGS 


Positive Power Supply Voltage 
| Voc _|5V Power Supply Voltage 
Low Voltage Ringing Signal (with V100 = 120Vdc) 
Logical Ring Drive Input Voc a 
ea 


Voc 


T,___|Max. Junction Temperature 
Storage Temperature -55 to +150 


Tstg 


OPERATING RANGE 


(due to thermal protection) 


Note: Operating ranges define those limits between which the functionality of the device 1s guaranteed 


THERMAL DATA 
| Symbol | eseription 


Rthjcase | Thermal Resistance Junction-case Max. 
Rth;amb | Thermal Resistance Junction-ambient Max. 


PIN DESCRIPTION 


Low Voltage Ringing Signal Input 
Logical Ring Drive Input 
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OPERATION DESCRIPTION 
The Fig. 3 show the simplified circuit configuration 


Figure 3: L3234/L3235 Circuit Configuration 


LINE TERMINALS 
RINGO 


LINE FEEDER 
| L235 


EXTERNAL COMPONENTS LIST 


of the L3234 Solid State Ringing injector when 
used with the L8235 Line Feeder. 


+100V. GND 
e e 


RINGING INJECTOR 
L3234 


rig 


1 
oe 

Chae 

T 

VA 


D94TL132 


In the following table are shown the recommended external components values for L38234. 


When the ringing function is selected by the sub- 
scriber card, a low level signal is continuously ap- 
plied to pin 1 through a de coupling capacitor. Then 
the logical ring drive signal CS provided by L3235 is 
applied to pin 2 with a cadenced mode. 


The ringing cycles are synchronised by the L3234 
in such a way that the ringing starts and stops al- 
ways when the analog input signal crosses zero. 


When the ringing injection is enabled (CS = "1"), 
an AC ringing signal is injected in a balanced 


| Ref. | Value | involved Parameteror Function 


mode into the telephone line. 

When the ringing injection is disabled (CS = "0"), 
the output voltage on OUT2 raises to the high 
power supply, whereas on OUT/1, it falls down to 
ground. 

The L3234 has a low output impedance when 
sending the signal, and high output impedance 
when the ringing signal is disabled 


In fig. 4 the dynamic features of L3234 are 
shown. 
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Figure 4: Dynamic Features of L3234 


DISABLE > 


DATA TRANSMISSION INTERFERENCE TEST 


The L3234 meet the requirements of the technical 
specification ST/PAA/TPA/STP/1063 from the 
CNET. The test circuit used is indicated below. 


RINGING INJECTION ENABLE 


L3234 - L3235 


TDISABLE 
11981 3234-82 


The measured. error rate for data transmission is 
lower than 10 during the ringing phase. 


This test measures if during the ringing phase the 
circuit induce any noise to the closer lines. 


Figure 5: Test Circuit Data Transmission Interference Test’ 


ARTIFICIAL LINE 
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NEPER’S BOX 
EMISSION LEVEL :-45dBim 
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PATTERN GENERATOR} COMPARISON 
SEMATEST PATTERN: 


S14 BITS/BLOCK 


NETWORK 
INTERFACE 


RINGING 


SUBSCRIBER 
RINGING 


INJECTOR 
INTERFACE 


REAL LINE CABLE: 
RECEPTION LEVEL: -43dBm 
PSOQPHOME TERED 

RECEIVER MODEM 


686Bd- 4888Bd 


PROTOCOL ANALYSER 
SEMATEST 
M9GLI2I4-42 


CCITT STANDARD 


DURATION: 


186B1TS 
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ELECTRICAL CHARACTERISTICS (Test conditions: V100 = +100V, Vcc = +5V, Tamb = 25°C, unless oth- 

erwise specified) 

Note: Testing of all parameter is performed at 25°C. Characterisation, as well as the design rule used al- 
low correlation of tested performance with actual performances at other temperatures. All pa- 
rameters listed here are met in the range 0°C to +70°C. For applications requiring operations in 
the standard temperature range (0°C to 70°C) use L3234. If operations are required in the ex- 
tended temperature range (-40°C to 85°C), use the L3234T. 


Symbol Test Condition | Min. | Typ. | Max. | unit | Fig _| 


STAND BY MODE: CS = "0" 


a me TTT 

Is (Voc 560 800 A 

Pig [Poetic TT 
VsourT2 92 V 

ran [Peewee Te 
ZsouT2 70 kQ 

| ZourMatching = | t—“‘“CS;C;*dLSCOCédU:“C($SNNSS“‘LSCGn5BS sf | 


THD Harmonic Distortion During Vine < 6dBm; f = 1kHz -46 -40 7 
Emission 


RINGING PHASE: CS = "1" 
DC OPERATION 


IR (V100) | Consumption ZLINE = © 2.5 5 mA 

IR (Vcc VA = 950mVrms; 50Hz 2.2 3 mA 
VrouTt DC Output Voltage VA =0V 44 56 V 
Vrout2 44 56 V 
2.0 V 


VIH Threshold Voltage on the VA = 950mVrms; 50Hz 
1 LWA 
0.8 V 
1 pA 


liq (CS = 0) | Logical Input CS 
Vir 

lit (CS = 0) 
DC Line Current Limitation | VA= OV | 7o {| 150 | ma | 2 
AC OPERATION 

Vouti/VA | Ringing Gain ZUNE = 2.2UF + 1kQ 29.5 30 dB 

VouT2/VA VA = 0dBm 29.5 30 dB 
Vout -Vout1 | Ringing Signal ZLINE = 2.2uF + 1kQ 57 

VA = 950mVrms; 50Hz 


| end 
re ee 
oo 


Input Impedance VA = 950mVrms; 50Hz 40 
Differential Output Impedance | ILine < 50mArms 


TEST CIRCUITS 
Figure 6. 
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TEST CIRCUITS (continued) 
Figure 7. 
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Figure 8. 
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TEST CIRCUITS (continued) 
Figure 10. 
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Figure 11. 
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Figure 12. 
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DESCRIPTION 
Circuit description 


The L3235 Subscriber Line Interface Circuit 
(SLIC) is a bipolar integrated circuit in 6O0V tech- 
nology optimized for PABX application. 


The L3235 supplies a line feed voltage with a cur- 
rent limitation which can be modified by an exter- 
nal resistor (RLIM). 


The SLIC incorporates loop currents, ground key PLCC28 
detection functions with an externally programma- 
ble constant time. 


The two to. four wires and four to two wires voice PIN CONNECTION 
frequency signal conversion is performed by the 
13235 and the line terminating and the balancing 
impedances are externally programmable. 


The device integrates an automatic power limita- 
tion circuit. In short loop condition the extra power 
is dissipated on one external transistor (Text). 


This aproach allows to assembly the L3235 ina 
low cost standard plastic PLCC28 package. 

The chip is protected by thermal protection at 
Tj = 150°C. 


The SLIC is able to give a power up command for 
Combo in off hook condition and an enable logic 
for solid state ringing injector L3234. 


The L3235 package is 28 pin plastic PLCC. 


The L8235 has been designed to operate 
togheter with L3234 performing complete 
BORSHT function without any electromechanical 
ringing relay (see the application circuit fig. 16). AZILIZIS-83 


ABSOLUTE MAXIMUM RATINGS 


Max. Junction Temperature 


OPERATING RANGE 


| Symbol | Parameter | Min 

-24 
L3235T -40 85 °C 

| 7, __| Max Junction Operating Temperature | 880 


Note: Operating ranges define those limits between which the functionality of the device is guaranteed. 
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THERMAL DATA 


Symbol 
Rthyamb | Thermal Resistance Junction-ambient Max | 80 


PIN DESCRIPTION 


fe) 
id 


RING 


ox 
se) 
as 


ZAC 
VREG 
AGND 
BGND 
CAC 
RPC 
TX ifi 


External Protection Resistors AC Transmission Compensation 


Four Wire Transmitting Amplifier Output 


Non Inverting Operational Input Inserted in the Hybrid Circuit for 2W to 4W 
Conversion. The Network Connected from this Pin to Ground shall be a copy 
of the Line Impedance. 


VRX Output Buffer 2W to 4W Conversion. 
High Impedance Four Wire Receiving Input. 
Positive 5V Supply Voltage. 


Voltage Reference Output; a Resistor Connected to this pin sets the Internal 
Bias Current. 


Vss Negative 5V Supply Voltage. 

Transversal Line Current Feedback Divided by 50. 

Non Inverting Operational Input to Implement DC Character. 
Driver for External Transistor Base. 


Voltage Reference Output; a Resistor Connected to this Pin Sets the Value of 
Line Current Limitation. 


N Ringing Logic Input from Line Card Controller. 
SBY Stand by Logic Input (SBY = 1 Set Line Current Limitation at 3mA). 


Power u.p Logic Output for the Codec Filter. (PU = 0 means Codec Filter 
Activated 


Ring Injector Enable for L3234 Output. (CS = 1 means L3234 Ringing 
Injection Enable). 


Hook Status Logic Output (OH = 0 means off hook). 

D Ground Key Status Logic Output (GDK = 0 means Ground Key on). 
A Time Constant Hook Detector Filter Input. 

GKF Time Constant GK Detector Filter Input. 

TIP Tip Wire of 2 Wire Line Interface. 


poe 


0 


se) 
~x< 


68) 


Vcc 


ak 
aS) 
m 
mn 


o1 
im 


VPOL 
BASE 


i 
= 


nm 
on) 
m8) 
G) 


ine) 


—_ as —s —k —k — a —s 
N 
> 


nN 
N 
VU 
Cc 


O 
=i 


I) 
wo 
ep) 


m8 


nN 
oO 
A 


ine) 
we) 


NO 


MN 
NJ 


nr 
(ee) 


Note 1: 
AGND and BGND pins must be tied together at a low impedance point (e.g at card connector level). 
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L3235 FUNCTIONAL DIAGRAM 


DIGITAL CONTROL INTERFACE 
2 s e 


Pu RIF¢ 
RF i CF 
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FUNCTIONAL DESCRIPTION 
DIGITAL INTERFACE 


The different operating modes of the L3235 are 
programmed through a digital interface based on 
two input pins: 


1)SBY input programs the stand-by or Ac- 
tive/Ringing modes. 

2)RNG input programs the ringing ON/OFF acti- 
vation condition for the L3234. 


The L3235 digital interface has four output pins : 


1)OH provides the on hook/off hook or ring trip 
informations (active low). 

2)GDK provides the ground key on/off informa- 
tion (active low). 

3)PU must be connected to the enable input pin 
of CODEC/FILTER devices like ETC 5054/57 


GKF }——_UPOLT 
RGF | |CGF 


L3234 - L3235 


BATTERY 
VOLTAGE 


e 
i 
? ~*~ 
_ypat «—1qveal 
6 JBGND 
e 
5 S> 


0 
AGND] 


——4 CR 


and automatically activates this device when 
in active mode off-hook is detected or when 
ringing mode is selected. 

4)CS output must be connected to the CS en- 
able input of the solid state ringing injector 
L3234. 


In this way the L3234 will be enabled when ring- 
ing mode is programmed and will be automat- 
ically disabled when the ring trip condition will be 
detected reducing the ringing signal disconnec- 
tion time after ring trip. 


The table 1 here below resumes the different op- 
eration modes and the relative logic output sig- 
nals. 


The two current detection (hook and GND key) 
have internal fixed threshold. Externally it is possi- 
ble to program their time costant through two R-C 
components connected respectively to pin 26 
(RTF) and pin 27 (GKF). 
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Table 1. 


OPERATING 
MODE 


ACTIVE 


RINGING 


STAND-BY 


(*)This status is latched and doesn’t change until RNG turn to 


ch = 


ae 
ae 
0 


OPERATING MODES 
Stand-By (SBY = 1 and RNG = 0) 


In Stand-By mode the L3235 limits the DC Loop 
current to 3 mA. 


In this mode all the AC circuits are active and all 
the AC characteristics are the same as in Active 
Mode. 

Also the two Line Current detectors (hook and 
GND key) are active but due to the loop current 
limited to 3 mA they will not be activated. 


This mode is useful in emergency condition when 
it is very important to limits the system power dis- 
sipation. 


Ringing Mode (SBY = 0 and RNG = 1) 

When ringing mode is selected "CS" pin is set to 
1 in order to activate the L3234 ringing injector. 
See L3234 for detailed description. 


Ring trip is detected by means of the same inter- 
nal circuitry used for off-hook detection. 


An off-hook delay time lower than 12 Frina should 
be selected. (See ext. components list). 


When ring trip is detected "CS" is automatically 
set to "0" allowing in this way a quick ringing dis- 
connection. 

After Ring trip detection the Card Controller must 
set the L3235 in active mode to remove the inter- 
nal latching of the "CS" information. 


INPUT PIN LINE STATUS OUTPUT PIN 


0: ON HOOK 0: NO GND KEY 
1: a HOOK 1 a KEY ON 


: 
1 
0 
0 
1 
1 


-2f888-fpcee| 
st nm 


Active mode (SBY = 0 and CS1 = 0) 


In Active mode the L3235 has the DC charac- 
teristic show in Fig.13 


The DC characteristics of L3235 has two different 
feeding conditions: 


1)Current Limiting Region : (short loop) the DC 
impedance of the SLIC is very high (>20 
Kohm) therefore the system works as a cur- 
rent generator. By the ext. resistor RLIM con- 
nected at pin 19 it is possible to program limit- 
ing current values from 20 mA to 70 mA. 


2) Voltage source region (long loop). 
The DC impedance of the L3235 is almost 
equal to zero therefore the system works like 
a voltage generator with in series the two ex- 
ternal protection resistors Rp. 


When a limiting current value higher than 40 mA 
is programmed the device will automatically re- 
duce to 40 mA the loop current for very short 
loop. 


This is done in order to limit the maximum power 
dissipation in very short loop to values lower than 
2W for the external transistor and lower than 
0.5W for the L3235 itself. 


This improve the system reliability reducing the 
L3235 power dissipation and therefore the inter- 
nal junction temperature. 
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Figure 13: DC characteristic in Active Mode with two different values of limiting current (30mA and 70 mA). 


ILINE (mA) 


SLOPE: 2 x Rp 


ULINE(U) 


48 VBAT 
GaAT oso UBAT-11.5U 


UBAT~42U A91IL3235-83 


Figure 14: Line current versus loop resistance with two different values of limiting current (30mA and 
70mA) 


ILINE (mA) 


RLOOP (2) 


M91ILI235-B4 


AC characteristic Rp are the protection resistors 

A simplified AC model of the transmission circuits Ze; SUE ne Impeeance Palencing neWwon 
is shown in figure 15. Za _ is the SLIC impedance balancing network 
Where : Zac program the AC line termination impedance 


Rec used for external protection resistors insertion 


Vix is the received signal loss compensation 


Vix is the transmitted signal 1/50 is the AC transversal current divided by 50 
Vi is the AC transversal voltage at line terminations. CAC AC feedback current decoupling 
E, _ is the line open circuit AC voltage 
Z is the line impedance 
Kay SGS-THOMSON TS 
7 imenozecrromes 
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Figure 15: Simplified AC Circuits 


Two wire impedance 


To calculate the impedance presented to the two 
wire line by the SLIC including the protection re- 
sistors Rp and defined as Zs let: 


Vix = 0 

I/50’ = II/50 (in first approximation) 
Rp = 50Q 

Zs = Zac/25 + 2Rp 

Zac to make Zs = 6002 

Zac = 25 e (Zs - 2Rp) 

ZAC = 29 - (600 - 100) 

Zac = 12.5KQ 


Two wire to four wire gain (Tx gain) 


Let Vrx = 0 
V 
Gtx = vA 
Mix, _Zac + Rec 
Vis Zac + 50Rp 
Example: Calculate Gtx making Rec = 50 - Rp 
Zac + 50 - Rp 
2 ———_ = 2 
one Zac + 50 - Rp 


As you can see the RPC resistor is providing the 
compensation of the insertion loss introduced by 
the two external protection resistors Rp. 


Four wire to two wire gain (Rx gain) 
Let Eg = 0 
MO 50 - 2 
Vrx 7 20: (Z| a 2Rp ) a ZAC 
Example: 
Calculate Grx making Zac = 25- (ZmL - 2 - Rp) 
50 - 2 
Grx A, eg et Te ee ee 
25 -(Z) + 2Rp — 2Rp + Zm) 


Grx = 


ee 
~ 2+ ZMe 


In particular for Zs = Z): Grx = 1 


Grx 


Hybrid function 


To calculated the transhybrid loss (Thl) let: Eg = 0 
Thi = 


Tk _ 4 (2842 _50-(2-Re+Z))~2Rec , 
“VR, Zp. ~50-(2-Bp4+Z1)—2Rac 
Example: 


Calculating Th! making Rs = 50 - Rp, Zs = 25 - 
(ZSlic - 2 - Rp) 


ZB Z| 
TUN eae 
ZA ZS 


In particular i ae: 
Thl = 0 
From the above relation it is evident that if Zs is 


equal to the Z| used in Thl test, the two Za, Zp im- 
pedances can be two resistor of the same value. 


AC transmission circuit stability 


To ensure stability of the feedback loop shown in 
block diagram form in figure 15 two capacitors are 
required. Figure 16 includes these capacitors Cc 
and Ch. 


AC - DC separation 

The high pass filter capacitor Cac provides the 
separation between DC circuits and AC circuits. A 
CAC value of 100mF will position the low end fre- 
quency response 3dB break point at 7Hz, 


1 


ISP = 579000 Cac 
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External components list for L3235 

To set the SLIC into operation the following parameters have to be defined: 

- The AC SLIC impedance at line terminals "Zs" to which the return loss measurements is referred. It can 
be real (typ. 600Q) or complex. 

- The equivalent AC impedance of the line "ZI" used for evaluation of the trans-hybrid loss performance 
(2/4 wire conversion). It is usually a complex impedance. 

- The value of the two protection resistors Rp in series with the line termination. 

Once, the above parameters are defined, it is possible to calculate all the external components using the 

following table. The typical values has been obtained supposing: Zs = 600Q; Zl = 600Q; Rp = 500 


[Name _|__ Suggested Value 
| 
Cr 


39KQ Delay Time : 
390nF On-hook Off-hook Tt = 0.69 - Cr - 39KQ (1) 
390nF GK Detector t= 0.69 - Car - 39KQ 


eae eae 51KQ FETE (aS RIO SIUC AOE CE ee 


Rum 8.4KQ to 33KQ Ext. Current Limit. Progr. 564 
ALiM= 
lum — 3mA 
1 
AC= 5 
1 


4.7uF Negative Battery C 
6.3 V 30% Filter 2n-16KO fp 
1MQ 20% | Termination Resistor | 
AC 100uF DC/AC current feedback splitting C 
6.3V 20% AC = on . 2200 - fi 


Le | 2 
| Re TS ———S—SCSsd«éPrrotection Resistors i 47 <Rp< 1009 (2 
a: e 25002 1% Rp insertion loss compensation Rec = 25 - (2Rp 


ZAC 1250002 1% 2W AC Impedance programmation Zac = 25 - (Zs - 2Rp 


220pF 20% AC Feedback compensation 1 
f1 =300KHz Cco= ~~ ~—— 
anf - 50Rp 


CR 

Rr i 

C 

Cc i 
125002 1% Slic Impedance Balancing Net. Zas = 25 (Zs-2Rp 
25002 1% RAS = 25 - (2Rp 
15Ko 1% Line impedance Balancing Net. 7p = 25271 


Cy 220pF 20% Cc Transybrid loss Compensation ZAC 
Cy=Co-s— 
ZAS 
Crx 4.7uF 30% DC Decoupling Tx Output C 1 
DESO BT ta Z gaa 
Text 


Di, D2 1N4007 Line Rectifier Rae 


(3) External Transistor Poiss > 2W, VoEo = 60V 
Hre > 40, Ic > 100MA 
Vee < 0.8V @ 100mA 


CVss: CVpp 100nF +5V supply filter eee ee ee 
100nF/100V Vaart supply filter pS 


Notes: 
1) For proper operation Cf should be selected in order to verify the following conditions. 
A) cf > 150nF 
B) t< 1/2 « fring 
frinc’ Ringing signal frequency 
2) For protection purposes the FP resistor is usually splitted in two part Re: and Reg, with Res > 302. 
3) ex: BD140; MJE172, MJE350.... (SOT32 or SOT82 package available also for surface mount). For low power application (reduced battery 
voltage) BCP53 (SOT223 surface mount package) can be used Depending on application enviroment an heatsink could be necessary. 
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vSl 
€c/Bb 


US, 


SOIMOULITTIOUSINI 
NOSHOHL-S3S 


U168 GND Vcc 


@.1uF | @.1uF 


$ 


4.7UF 4 820 1BuF 


35emURMS VA il VA t S —— 


16/67Hz L3234 822 03 ABYT11-688 
e- f= 


uF er 

CAC 1@BuF | CS aoe 4 4 ° UBAT 
if 13121 } BYT11-6ea 

RX }cac} It 3 2 


V188 


zas [a | 
WS on, 


= ~ 


28 || Dz1 ‘tT pS 


CTX 1660 , 


3 TX 
TX off 
POVER UP COMMAND PU 
FOR CONsO 


GOK 


TO/FROM 
CARD CONTROLLER 


cor == RGF] | Cr RF E RR : RLIM 1 wet Cp 
AIILIZIS-GEA 


ANALOG GROUND «BAT 


: BATTERY GROUNO MUST BE CONNECTED TOGETHER * DEPENDING ON SURGE CHARACTERISTICS THIS DEVICE CAN BE: 
AT A LOU IMPEDANCE POINT SELECTED BETUEEN TPA186B, TPB188B OR PROPER TRANSIL. 


SECT - VECET 
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ELECTRICAL CHARACTERISTICS (Test condition: refer to the test circuit of the fig. 17; Vcc =5V, 
Vss = -5V, Vbat = -48V, Tamb = 25°C, unless otherwise specified) 


Note: Testing of all parameters is performed at 25°C. Characterization, as well as the design rules used 
allow correlation of tested performance with actual performance at other temperatures. All pa- 
rameters listed here are met in the range 0°C to +70°C. For applications requiring operations in 
the standard temperature range (0°C to 70°C) use L3234. If operations are required in the ex- 
tended temperature range (-40°C to 85°C), use the L3234T. 


| symbol | ___ Parameter |__—TestCondition | Min. | Typ. | Max. | Unit | Fig. | 


STAND-BY 


DINS 
Short Circuit Current Stand-by, SBY = 1 | 2 | 3 | 4 [mi | 


DC OPERATION 


DINS lLince = 50mMA 35.2 39 V 
lim Prog. = 7OmA een Ue 
8.4KO<Rim<33KQ_ | 20 | ~=| 70 | m | | 


| ig | Onchook Threshotd =| 
| kt | Offshook Threshold =| to 
eee, 


lt 
GK Detector Threshold 
Gklim Ground Key Current RING to BGND 13 22 mA 
Limitation 
Ground Key Threshold Gklim-ligk 1 
Overloap 


Imax Max. Output Current at lim = 7OMA 
TIP/RING 


Supply Current fromVec | lme=O | | 2 | | mA | 
Supply CurrentfromVss_ | tines | tt | kt | mA 
Supply Current from Vb | tine=0 | | 2 | 86 


140 mA 


|Z | Sending Qutputimpedance_| ping Ss | TT to | TT 
| Zn | Receiving Input mpedance_| pint2(Rxy) | ot | TM 
| Ri | WRetumLoss | f= 300to3400Hz || 20 | 36 | | BO] A 


Thi | Trans HybridLoos | f= 300to3400Hz | 20 | 36 | |B | A 
| Gs | SendingGain | f= 1020Hz = 20mA__ | 5.82 | 6.02 | 622 | dB | AS 
Gy | Flatmess | f= 800to3400Hz | 0.2 | | 2 | oB | 
| Gy | Linearity | -200Bto10gBm | 0.2 | | oe | oe | 


Receiving Gain [f=1020Hz i=20mA_ | 02 | o | o2 | oB | Ad | 
| Gy | Flaness_ f= 300t0B400Hz | 0.2 | | 2 | oB | 
| Gai | Linearity | -20dBmtovsdBm | 0.2 | | 2 | oe | 
| -69 | -62 | dBmp | | 

| -75 | -68 | dBmp| | 


Psoph. Noise at Line ees ae 
Svr Relative to Vbat versus Line f = 1020Hz 
Terminal versus Tx Terminal | Vs = 100mVpp 
Svrr Relative to Vcc and Vss f = 1020Hz -20 dB 
versus Line Terminal versus | Vs = 100mVpp -14 dB 
Tx Terminal 
Lite L/T Conversion measured at | f= 300 to 3400 a eS ES 
line Terminals line = ZOMA 53(* dB 
Tic T/L Conversion Measured at | f = 300 to 3400 46(*) A7 
Line Terminals line = 2OMA 


(*) Selected parts L3235C 
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ELECTRICAL CHARACTERISTICS (continued) 


| Symbol | Parameter | _—TestCondition | min. | Typ. | Max. | Unit | Fig. 


DIGITAL STATIC INTERFACE 


Input Current at Logical "1" 


Output Voltage at Logical "0" | lour=1mA 
lout = 10 A 


Output Voltage at Logical "1" | lout= 10nA 
lout =1mA 


Figure 17: Test Circuit 


USS AGND UBAT 
O.14uF | @.1uF aaa A a Bl ru 8.4K i 


398nF 


AIWI2IS-G7A 
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APPENDIX A In particular: 
L3235 TEST CIRCUITS A-B: Line terminals 


Referring to the test circuit reported in fig 17 you —- ©: 1x sending output on 4W side 
can find the proper configuration for the main 9: Rx receiving input on 4W Side 
measurements. 


Figure A1: 2W Return Loss 


100uF H91IL3235-G8 


| 2Vs | 
|E | 


[Zm.-2|_ 


Rt = 20 log Weed a 


20 log 


Figure A2: Trans-hybrid Loss 


THL = 20log ve 


MN3ILI2IS- 839 


Figure A3: Sending Gain 


MSIL IZ2I5~-18 
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TEST CIRCUITS (continued) 
Figure A4: Receiving Gain 


100nF 


sual up 
<= 
1L-28m0 } 


100uF 


M9ILI2I5-34 


Figure A5: SVRR Relative to Battery Voltage VB 


100uF 


6B 
IL~20mA Y 


M9ILIZIS-32 


Figure A6: Longitudinal to Transversal Conversion 


408UF NSIL3235-15. 
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APPENDIX B 1) Use always 100nF filtering capacitor close to 
LAYOUT SUGGESTIONS the supply pins of each IC. 

Standard layout rules should be followed in order 2) The L3285 bias resistor (RR) should be connected 
to get the best system performances: close to the corresponding pins of L3235 


(REF and AGND). 
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ms ON CHIP POLARITY GUARD 

» MEETS DC LINE CHARACTERISTICS OF 
EITHER CCITT AND EIA RS 464 SPECS 
PULSE FUNCTION 

HIGH AC IMPEDANCE 

OFF HOOK-STATUS DETECTION OUTPUT 
LOW EXTERNAL COMPONENT COUNT 


DESCRIPTION 


The circuit provides DC loop termination for ana- 
log trunk lines. 


The V-I characteristics is equivalent to a fixed 
voltage drop (zener like characteristic) in series 
with an external resistance that determines the 
slope of the DC characteristic. 


An external low voltage electrolytic capacitor 
causes the circuit to exhibit a very high impeda- 
ance to all AC signal above a minimum frequency 
that is determined by the capacitor itself and by a 
20 K nominal resistor integrated on the chip. 


The Off-Hook status is detected all the time a 
typic of 8 mA is flowing into the circuit. In this con- 
dition a constant current generator is activated to 


BLOCK DIAGRAM 


L3845 


TRUNK INTERFACE 


Minidip SO8 


ORDERING NUMBERS: 


L3845B L3845D 


supply an external device (typically an optocou- 
pler) without affecting the AC characteristic of the 
circuit. 


When Pulse Dialing is required the PULSE input 
(pin 3) connected to V- causes the device to re- 
duce the fixed DC voltage drop and to exhibit a 
pure resistive impedance equal to the external re- 
sistor. 


POLARITY 


GUARD 


July 1993 


OC LINE 


OFF HOOK Le 
» DETECTION e 


TERMINATION 
: CIRCUIT 
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ABSOLUTE MAXIMUM RATINGS 


| symbol | Parameter =| Value | Unit_ 
Max Line Voltage (pulse duration 10 ms max ae ae ee 


FM 20 
|_| Max Line Current 
| __Ptot___| Total Power Dissipation at Tamb = 70 °C 


Operating Temperature — 40 to + 70 
Storage and Junction Temperature — 55 to + 150 


PIN CONNECTION (Top view) 


BBL 3845 -82A 


THERMAL DATA 


| Symbol _| Parameter | Minidip | sos | Unit | 
Thermal Resistance Junction-ambient (*) Max. a: ee 140 to 180 


(*) Mounted on FR4 Boards 


a iy Scs:THoMson 
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DC ELECTRICAL CHARACTERISTICS (IL = 10 mA to 100 mA, Ri 


unless otherwise specified) 


VL Line Voltage 


(normal mode) 


| Line Voltage 
(pulse mode) 


ON/OFF-Hook 
Line Current Detection 
Threshold 


Vip 
OFF/ON-Hook 
Line Current Detection 
Threshold 


Tamb = + 25 °C, unless otherwise specified) 


ai; Line ig tieimnetenee 


| symbol | Parameter | Test Condition |_Min. | Typ. | Max. | Unit_ 


PULSE = Open 
IL=10mA 
IL =20 mA 
IL = 100 mA 


PULSE =V~ 


lout OFF-Hook IL=10mA 
Output Drive Current at Pin IL >20 mA 
HDO 
Pulse Input Low Voltage 
Pull-up Input Current at Pin IL = 100 mA 
PULSE (pulse mode) Pulse = V_ 


Imput Current at Pin Pulse 
(normal mode) 


AC ELECTRICAL CHARACTERISTICS (IL = 10 mA to 100 mA, Ri 


= 2.2mF 
gieeiueiens || Gee 


L3845 


= 56 Q, Si = Open, Tamb = + 25 °C, 


= 56 Q, Re = 470 KQ, Si 


= Open, 


Dict tse Distortion f = 1KHz 
Vs = 775mVrms 
= 15 to 100mA 


= Closed; 


Sending/Receiving Distortion 
oe = 1.3Vrms 


APPLICATION INFORMATION 


With the use of this circuit it is possible to termi- 
nate an analog trunk so that all the DC current 
component is flowing in the TRUNK TERMINA- 
TION CIRCUIT while the AC component is de- 
coupled with a low voltage capacitor and can be 
used with a small and low cost audio coupler 
transformer to provide the AC balancing termina- 
tion and two to four wire conversion. 


Therefore it is usefull both for MODEM and PABX 
systems. 


Figure 1 gives the typical application circuit ; it is 
worth to note that the TRUNK TERMINATION 
CIRCUIT, together with the LS5018 transient sup- 
pressor provides a compact and low cost module 
fully protected against lightning or overvoltages 
frequently present on telephone lines. 


The PULSE input when connected to V- allows 
the device to reduce the Line Voltage and to 
show a resistive impedance equal to R1 to the 
line. When PULSE input is left open, this function 
is disable. 
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Figure 1: Typical Application. 
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M3488 


206 x 256 DIGITAL SWITCHING MATRIX 


a 256 INPUT AND 256 OUTPUT CHANNEL 
CMOS DIGITAL SWITCHING MATRIX COM- 
PATIBLE WITH M088 

a» BUILDING BLOCK DESIGNED FOR LARGE 
CAPACITY ELECTRONIC EXCHANGES, SUB- 
SYSTEMS AND PABX 

» NO EXTRA PIN NEEDED FOR NOT-BLOCK- 
ING SINGLE STAGE AND HIGHER CAPACITY 
SYNTHESIS BLOCKS (512 or 1024 channels) 

» EUROPEAN TELEPHONE STANDARD COM- 
PATIBLE (32 serial channels per frame) 

» PCM INPUTS AND OUTPUTS MUTUALLY 
COMPATIBLE 

am ACTUAL INPUT-OUTPUT CHANNEL CON- 
NECTIONS STORED AND MODIFIED VIA AN 
ON CHIP 8-BIT PARALLEL MICROPROCES- 
SOR INTERFACE 

» TYPICAL BIT RATE : 2Mbit/s 

» TYPICAL SYNCHRONIZATION RATE : 8KHz 
(time frame is 125s) 

=» 5V POWER SUPPLY 

» CMOS & TTL INPUT/OUTPUT LEVELS COM- 
PATIBLE 

» HIGH DENSITY ADVANCED 1.2um HCMOS3 
PROCESS 


ABSOLUTE MAXIMUM RATINGS 


PRELIMINARY DATA 


izes 
YS be Lik 


DIP40 PQFP44 


ORDERING NUMBERS: 


M3488B1 M3488Q1 


Main instructions controlled by the microproc- 

essor interface 

a CHANNEL CONNECTION/DISCONNECTION 

a OUTPUT CHANNEL DISCONNECTION 

a INSERTION OF A BYTE ON A PCM OUTPUT 
CHANNEL/DISCONNECTION 

a TRANSFER TO THE MICROPROCESSOR OF 
A SINGLE PCM OUTPUT CHANNEL SAMPLE 

a» TRANSFER TO THE MICROPROCESSOR OF 
A SINGLE OUTPUT CHANNEL CONTROL 
WORD 

a TRANSFER TO THE MICROPROCESSOR OF 
A SELECTED 0 CHANNEL PCM INPUT DATA 


| symbol | Parameter, = |~Test Conditions | _unit_| 
| to | Currentat Digital Outputs | ma 
Total Package Power Dissipation 


Stresses above those listed under " Absolute Maximum Ratings" may cause permanent damage to the device. This ts a stress 
ratings only and functional operation of the device at these or any other conditions above those indicated in the operating con- 
ditions of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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PIN CONNECTIONS (Top views) 


OUT PCN3 
OouT PCM2 
OuT PCM 
OuT PCMS 
N.C. 
CLOCK 
SYNC 
INP PCM? 
INP PCMS 
INP PCMS INP PCMS | | 
sAeeatal INP PCM4 | | PQFP44 
INP PCM3 
INP PCM2 INP POMS | | 
INP PCM4 INP PCM2 | | 
INP PCMB 
Vcc 
D? INP PCMO | | 
D& 
DS 
D4 


| | OUT PCMO 
| | OUT PCMt 
| | OuT PcM2 
| | OUT PCMe 
| | OUT PCM7 


vant agmtaun 


INPPCM1 | | 


M9ENI4E8 - 82 


EXCHANGE NETWORKS APPLICATIONS 
256 PCM links network (160 or 192 DSM) : the 32 x 32 link module shown on the next page. 


8 modules 6 
7) es modulei 8 : 
M3488 8 —- Ma4B8 8 
g bs | 


modu le? aie 


32 xX 32 


F) 
— LINKS 
M3488 32 


7 


8 module? 8 


256 x 256 


a—— 
LINKS 
> M3488 255 43488 255 


? 255 255 ? 
M98NI48E-B3 
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EXCHANGE NETWORKS APPLICATIONS (continued) 
Single Stage/Sixteen Devices Configuration (82 by 32 links or 1024 channels). 


PCM IN7 to INO 


IN7 toINO IN7toINO IN7toINO IN7 to INO 
07toDd0 


QUT 7 toOUTO OUT7to OUTO OUT 7toOUTO OUT7 toOUTO 


S235) csi $2 SI CSi S2 5) 


PCM IN15 toIN 08 


pce aaa 


IN7 to INO IN7toINO IN7to[NO IN7 toINO 


D7 to OO 


QUT7 to OUTO OUT? to OUTO OUT7 to OUTO 
PCMIN 


2046 
Kbitls $2. 5sI cS) $2 SI 


PCM IN23 to INI6 


See ae 


IN7to INO IN7 to INO IN7to INO IN7 to INO 


07 to D0 07 toDO 


OUT7 10 OUTO OUT? toOUTO OUT7 to OUTO 


$2 5] $2. SI csi 


PCMIN3I toIN24 


IN7toINO IN7 toINO IN? to INO IN7 toINO 


07 to 00 


OUT7 ta OUTO OUT 7 to OUTO OUT7 to OUTO 


PCMOUTO7toOUT 00° PCMOQUTI5 toOUT 08 PCMOUT 23 to OUTIE6 PCMOUT 31 toOUT 24 


ar2stoOUTIG. __- _ PEMOUT Mout 24» 


$-5200/1 
PCM OUT 2048Kbit/s 


i, a HARDWARE CONNECTIONS RESPECTIVELY TO Vccl¥oc 
COMMON INPUT/OUTPUT PINS C/D.Al.A2.RD.WR, CS2.07to DO: RESET, CLOCK, SYNC 
FOUR DIFFERENT CHIP SELECT PINS ARE NEEDED 


(7 SGS-THOMSON NS 
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BLOCK DIAGRAM 


2Mbit/sec mternal rate 


INPUT RING PARALLEL | ouTpUT RING 


COUNTER OUTPUT COUN 
DECODER TER 


CHANNEL O MUX ADDRESS REGISTER 


SELECTION 
LOGIC & DECODER 


SENSE AMPS 


MUX 
ADDRESS 


REGISTER CONTROL 
MEMORY 


INPUT DATA REGISTER 


STACK 
CONTROL REGISTER LATCHES 1/0 DATA 
LOGIC : & DRIVERS SELECTOR 


Al csi (C32 [wr [ap | OR 8 cid 


S-519612 


4/15 ‘TI SGS-THOMSON 
= 7 iwcromecrnemes 
168 


M3488 


RECOMMENDED OPERATING CONDITIONS 


| symbol | CiParameter =| Sate |r _| 

| Voc __| Supply Voltage 4.75 to 5.25 

| Vi_| Input Voltage 

| Vo __| Off State Input Voltage 0 to 5.25 
CLOCK Input Clock Frequency 


SYNC rea. Input Synchronization Frequency 


Top Operating Temperature 


cee ae 
[tere 


CAPACITANCES (measurement freq. = 1MHz; Top = 0 to 70°C; unused pins tied to Vss) 


| Symbol _| Parameter | Pins (*) —|sMin. | Typ. | Max. | Unit 
|i _| input Capacitance | 6 to 15; 26toso;sztoae_ | | 
| Cv __| VO Capacitance ONG a | 
| Co | Output Capacitance itoasi7tois25;a7to4o | | 10 |p 


D.C. ELECTRICAL CHARACTERISTICS (Tamb = 0 to 70°C, Vcc = 5V +5%) 
All D.C. characteristics are valid 250us after Vcc and clock have been applied. 


Symbo!_| ___Perameter_| Fins) |_Test Condition _| in. | Typ. | Max. | unit 
| Vic | Clock inputLowLevel | 6 | 93 | 08 | 


Clock Input HighLevel | 6 | | eve | 
Vit Input Low Level 7 to 15 -0.3 V 
20 to 24 
26 to 30 
32 to 36 
: — Pe 
| Vou _| Output High Voltage (Level) | 17 to 25 tessa fat 
fe lene. Output High Current corr oe = 2.4V 
Ya Output Low Voltage (Level) | 1t04 | lo. =5mA igs sea a 


IDL Data Bus Leakage Current 17 to 24 


Vin = 0 to Vcc +5 LA 
after Device Initialization 


Output Low Current 37 to 40 | Vo. = 0.4V 
17 to 25 
Vcc applied; Pins 35 
Supply Current Clock Freq. = 4.096MHz| | 15 | 30 | mA _ 


anes oa Liat: 
and 36 tied to Vcc, 
(") The pin number is referred to the DIP40 version. 
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A.C. ELECTRICAL CHARACTERISTICS (Tamb = 0 to 70°C, Vcc = 5V +5%) 
All A.C. characteristics are valid 250us after Vcc and clock have been applied. CL is the max. capacitive load. 


| Signal__|symbol| __—Parameter__—|_Test Condition Min. | Typ. | Max | Unit 


CK (clock) Clock Period 
Clock Low Level Width 
Clock High Level Width 
Rise Time 

Fall Time 
Low Level Setup Time 
Low Level Hold Time 
High Level Setup Time 
High Level Width 


tpp mn | Propagation time 
referred to CK low level Ci = 150pF 

tpp max | Propagation time Ri = 1K 140 ns 
referred to CK high level 


SYNC 
(frame pulse) 


PCM Output 
Busses 
Open Drain 


RESET ts- Low Level Setup Time 
tHL Low Level Hold Time 
tsH High Level Setup Time 


High level Width 


Low Lvel Width 

High Level Width 
Repetition Interval 
between Active Pulses 
High Level Setup Time 
to Active Read Strobe 
High Level Hold Time 
from Active Write Strobe 
Rise Time 

Fall Time 


tWH 


trep 40 + 2 tek + twi(ck) + 
+ tR(CK) 


ONO. STA SGS-THOMSON 
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A.C. ELECTRICAL CHARACTERISTICS (continued) 


-Sianal_| Symbol_|____Parameter_|__Test Coneition _| tin. | Typ. | Max. } unit 


CS1, CS2 


Al, Si, 
A2, S2 
(match 
inputs) 


DO to D7 
(interface 
bus) 


tsL(CS-WR) 
tHL(CS-WR) 
tSH(CS-WR) 
tHH(CS-WR) 
tSL(CS-RD) 
tHL(CS-RD) 
tSH(CS-RD) 
tHH(CS-RD) 
ts(C/D-wR) 
tH(C/D-WR) 


fs(C/D)-RD) 


tH(C/D-RD) 


ts(match-WR) 
tH(match-WR) 
ts(match-RD) 


tH(match-RD) 


ts(BUS-WR) 


tH(BUS-WR) 


tpp(Bus) 


tHz(BUS) 


Low level setup time 
to WR falling edge 
Low Level hold time 
from WR rising edge 
High Level setup time 
to WR falling edge 
High level hold time 
from WR rising edge 
Low level setup time 
to RD falling edge 
Low level hold time 
from RD rising edge 
High level setup time 
RD falling edge 

High level hold time 
from RD 


Setup time to write 
strobe end 

Hold time from 
write strobe end 
Setup time to read 
strobe start 

Hold time from read 
strobe end 


Setup time to write 
strobe end 

Hold time from 
strobe end 

Setup time to read 
strobe start 

Hold time from read 
strobe end 


Low state width 

DR output delay 
from write strobe end 
active command 


Input setup time to 
write strobe end 
Input hold time 

from write strobe end 


Propagation time 
from (active) falling 
Edge of read strobe 
Propagation time 
from (active) rising 
Edge of read strobe 


Active Case 
Active Case 
Inactive Case 
Inactive Case 
Active Case 
Active Case 
Inactive Case 


Inactive Case 


Instructions 5 and 6 


Instruction 5, C, = 
150pF 


CL = 200pF 


Cy = 200pF 


to high impedance state 


A.C. TESTING, OUTPUT .WAVEFORM 


2.4 
2.06 yp 7-0 


0.% POINTS4, 8 
0.45 


S-7594 


A.C. testing inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0", timing measurement are made at 
2.0V for a logic "1"and 0.8V for a logic "0". 
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PCM TIMING, RESET, SYNC 


——) ' WHICK) 
CLOCK 
‘ i (bit 0, time slot 0) beret tF(CK) 
aa o 
eae "WH (SY) 


et a oe 
ts(PCM) tH(PCM) 
1D is 


tSH(RES) 


twH (RES) 
aE A ee Re 


tsL(RES) ty RES) 


S~5197 


WRITE OPERATION TIMING 


{ tR(WR) 


tSH(RD) 


tsH(CS-WR) a 
tHH(CS-WR) 


1/0 INPUT BUS ( ) 
(DOto D4) 


sceusam) |_| ay pus.am 


OR OUTPUT 
'pp(pR-WR) 
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READ OPERATION TIMING 


ee 


ts(c/D-RD) 


Ai=S! 
A2=S2 


tS(MATCH-RD) 


M3488 


$-5199/ 2 


tREP(RD) 


tF(RD) tR(RD) 


c5-RD) j | 
'HH(CS-RD) 


'HiC/D-RD) 


tH(MATCH-RD) 


t 
*potBus) f-H2(6US! 


1/0 OUTPUT BUS 
(DO to D7) 


GENERAL DESCRIPTION 


The M3488 is intended for large telephone switching 
systems, mainly central exchanges, digital line con- 
centrators and private branch exchanges where a 
distributed microcomputer control approach is ex- 
tensively used. It consists of a speech memory 
(SM), a control memory (CM), a serial/parallel and 
a parallel/serial converter, an internal parallel bus, 
an interface (8 data lines, 11 control signals) and 
dedicated control logic. 


By means of repeated clock division two timebases 
are generated. These are preset from an external 
synchronization signal to two specific count num- 
bers so that sequential scanning of the bases give 
synchronous addresses to the memories and 1/O 
channel controls. Different preset count numbers 
are needed because of processing delays and 
data path direction. The timebase for the input chan- 
nels is delayed and the timebase for output chan- 
nels is advanced with respect to the actual time. 


Each serial PCM input channel is converted to par- 
allel data and stored in the speech memory at the 
beginning of any new time slot (according to first 
timebase) in the location determined by input pin 
number and time slot number. The control memory 


= 


CM maintains the correspondences between input 
and output channels. More exactly, for any output 
pin/output channel combination the control memory 
gives either the full address of the speech memory 
location involved in the PCM transfer or an 8-bit 
word to be supplied to the parallel/serial output con- 
verter. A 9" bit at each CM location defines the data 
source for output links, low for SM, high for CM. 


The late timebase is used to scan the output chan- 
nels and to determine the pins to be serviced within 
each channel ; enough idle cycles are left to the mi- 
croprocessor for asynchronous instruction process- 
ing. 

Two 8-bit registers OR1 and OR2 supply feedback 
data for control or diagnostic purposes ;OR1 comes 
from internal bus i.e. from memories, OR2 gives an 
opcode copy and additional data to the microcom- 
puter. A four byte-five bit stack register and an in- 
struction register, under microcomputer control, 
store input data available at the interface. 


Dedicated logic, under control of the microprocessor 
interface, extracts the 0 channel content of any se- 
lected PCM input bus, using spare cycles of SM. 


: 9/15 
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PINS FUNCTION 


Pin Assignement 
Symbol 
DIP40 PQFP44 


a ee 
ee 
a 
vo [ww Od 
RESET control 
a 
a 


34 


29 
oe fe 


OUT PCM 7 | PCM output bus 
to 0 


2 


35 to 38 and 
40 to 43 


37 to 40 and 
1to4 
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PIN DESCRIPTION 


D7 to DO 


Data bus pins. The bidirectional bus is used to trans- 
fer data and instructions to/from the microprocessor. 
DO is the least significant digit. The output bus is 8 
bits wide ; input is only 5 bits wide. (D4 to DO) 


The bus is tristate and cannot be used while RESET 
is held low. 


The meaning of input data, such as bus or channel 
numbers, and of expected output data is specified 
in detail by the instruction description. (Pagg. 12-14) 


C/D (pin 30) 


Input control pin, select pin. In a write operation 
C/D = 0 qualifies any bus content as data, while 
C/D = 1 qualifies itas an opcode. Ina read operation 
OR1 is selected by C/D = 0, OR2 by C/D = 1. 


A1, S1, A2, S2 


Address select or match pins. In a multi-chip con- 
figuration (e.g. a single stage matrix expansion), us- 
ing the same CS pins, the match condition (A1 =S1 
and A2 = $2) leaves the command instruction as de- 
fined; on the contrary the mismatch condition modi- 
fies the execution as follows : instructions 1 and 3 
are reversed to channel disconnection, instruction 5 
is unaffected, instructions 2-4-6 are cancelled (not 
executed). 


Bus reading takes place only on match condition, 
instruction flow is in any case affected. 


Each pins couple is commutative : ina multichip con- 
figuration pins S1 and S2 give a hard-wired address 
selection for individual matrixes, while in single con- 
figuration S1 and A1 or S2 and A2 are normally 
tied together. 


CS1, CS2 


Commutative chip select pins. They enable the de- 
vice to perform valid read/write operations (active 
low). Two pins allow row/column selection with dif- 
ferent types of microprocessors ; normally one is 
tied to ground. 


WR 

Pin WR, when CS1 and CS2 are low, enables data 
transfer from microprocessor to the device. Data or 
opcode and controls are latched on WR rising edge. 
Because of internal clock resynchronization one sin- 
gle additional requirement is recommended in order 
to produce a simultaneous instruction execution in 
a multichip configuration : WR rising edge has to be 
20 to 20 + twi(ck) nsec late relative to clock falling 
edge. 


M3488 


RD 
When CS1 and CS2 are low and match condition ex- 


ists, a low level on RD enables a register OR1 or 
OR2 read operation, through the bidirectional bus. 


In addition, the rising edge of RD latches C/D and 
the match condition pins in order to direct the inter- 
nal flow of operations. Because of internal clock 
resynchronization, one single additional require- 
ment is recommended in order to produce a simul- 
taneous instruction flow in a multichip configuration: 
the RD rising edge has to be 20 to 20 + twi(ck) nsec 
late relative to clock falling edge. 


DR 


Data ready. Normally high, DR output pin goes low 
to tell the microprocessor that : 


a) the instruction code was found to be invalid ; 


b) executing instruction 5 an active output channel 
was found in the whole matrix array, that is a CM 
word not all "ones" was found in a configuration of 
devices sharing the same CS pins ; 


c) executing instruction 6 "0 channel extraction" took 
place and OR2 was loaded with total number of 
messages inserted on 0 time slot. 


DR is active low about two clock cycles in case b 
and c ; in case a it is left low until a valid instruction 
code is supplied. 


RESET 


RESET control pin is normally used at the very be- 
ginning to initialize the device or the network. Any 
logical status is reset and CM is set to all "ones" after 
RESET going low. 


The internal initialization routine takes one time 
frame whatever the RESET width on low level (mini- 
mum one cycle roughly), but it is repeated an integer 
number of time frames as long as RESET is found 
low during 0 time slot. 


Initialization pulls the interface bus immediately to a 
high impedance state. After the CM has been set to 
all "ones" the PCM output channels are also set to 
high impedance state. 


CLOCK 


Input master clock. Typical frequency is 4.096MHz. 
First division gives an internal clock controlling the 
input and output channels bit rate. 


SYNC 


Input synchronization signal is active low. Typical 
frequency is 8kHz. 
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Internal time bases are forced by synchronism to an 
assigned count number in order to restore channels 
and bit sequential addressing to a known state. 
Count difference between the bases is 32, corre- 
sponding to two time slots, that is the minimum PCM 
propagation time, or latency time. 


INP PCM 7 to INP PCM 0 


PCM input busses or pins ; they accept a standard 
2Mbit/s rate. Bit 1 (sign bit) is the first of the serial 
sequence ; in a parallel conversion it is left adjusted 
as the most significant digit. 


OUT PCM 7 to OUT PCM 0 


PCM output busses or pins ; bit rate and organiza- 
tion are the same as input pins. 


Output buffers are open drain CMOS . 


The device drives the output channels theoretically 
one bit time before they can be exploited as logical 
input channels (bit and slot compatibility is pre- 
served): this feature allows inputs and outputs to be 
tied together cancelling any analog delay of digital 
outputs up to 


tDEL max = tbit - tpD(PCM)max + tPD(PCM)min 


MIXED RD and WR OPERATIONS 
In principle RD and WR operations are allowed in 
any order within specification constraints. 


In practive, only one control pin is low at any given 
time when CSi andCS2areenabled. | 
If by mistake or hardware failure both RD and WR 
pins are low, the interface bus is internally pushed 
to tristate condition as long as WR is held low and 
input registers are protected. 

Registers OR1_and OR2 can be read in any order 
with a single RD strobe using C/D as multiplexing 
control ; never the less this procedure is not recom- 
mended because the device is directed for instruc- 
tion flow only according to data latched by RD rising 
edge. 

Multiple RD operations of the same kind are allowed 
without affecting the instruction flow : only "new" 
OR1 or OR2 read operations step the flow. 

Input and output registers are held for sure in the 
previous state for the first 3 cycles following an op- 
code or an OR2 read. 


FUNCTIONAL DESCRIPTION OF SPECIFIC MICROPROCESSOR OPERATIONS 


The device, under microprocessor control, performs 
the following instructions : 


1 CHANNEL CONNECTION 
2 CHANNEL DISCONNECTION 


3 LOADING OF A BYTE ON A PCM OUTPUT 
CHANNEL 


4 TRANSFER OF A SINGLE PCM OUTPUT 
CHANNEL SAMPLE 


5 TRANSFER OF A SINGLE OUTPUT 
CHANNEL CONTROL WORD 


6 TRANSFER OF A SELECTED 0 CHANNEL PCM 
INPUT DATA ACCORDING TO AN 8-BIT MASK 
PREVIOUSLY STORED IN THE "EXPECTED 

MESSAGES" REGISTER 


The instruction flow is as follows. 


Any input protocol is started by the microprocessor 
interface loading the internal stack register with 2 
bytes (4 bytes for instructions 1 and 3) qualified as 
data bytes by C/D = 0 and a specific opcode quali- 
fied by C/D = 1 (match condition is normally 
needed). 


After the code is loaded in the instruction register it 
is immediately checked to see whether itis ac- 
ceptable and if not it is rejected. If accepted the 
instruction is also processed as regards match con- 
dition and is appended for execution during the 
memories’ spare cycles. 


Four cases are possible : 


a) the code is not valid ; execution cannot take place, 
the DR output pin is reset to indicate the error ; all 
registers are saved ; 


b) the code is valid for types 2, 4 and 6 but it is un- 
matched ; execution cannot take place, DR is not af- 
fected. 


c) the code is valid for types 1 and 3 and it is un- 
matched ; the instruction is interpreted as a channel 
disconnection. 


d) the code is valid and is either matched or of type 
5 ; the instruction is processed as received. 


Validation control takes only two cycles out of a total 
execution time of 4 to 7 cycles ; the last operation is 
updating of the content of registers OR1 and OR2, 
according to the following instruction tables. 
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During a very long internal operation (device initiali- 
zation after RESET going high or execution of in- 
struction 6) a new set of data bytes with a valid op- 
code is accepted while a wrong code is rejected. At 
the end of the current routine execution takes place 
in the same way as described before. 


At the end of an instruction it is normally recom- 
mended to read one or both registers. To exploit in- 
struction 6, however, it is mandatory to read register 
OR2. This is because instruction 6, used between 
other short instructions of type 1 to 5, must have pri- 
ority and can be enabled only after the short instruc- 
tions have been completed. Instruction 6 normally 
has a long process and a special flow which is de- 
scribed below. 


First a not-all-zero mask is stored in the "expected 
messages" register and in another "background" 
register. This operation starts the second phase of 
instruction 6 which is called "channel 0 extraction” 
and is repeated at the beginning of any new time 
frame. At the beginning of the time frame anewcopy 
of activated channels to be extracted is made from 
the "background register" and put in the "expected 
messages’ register. In addition the latter register is 
modified to indicate the exact number of messages 
that have arrived. The term messages covers any 
input 0 channel data with starting sequence different 
from the label 01. So using this label the number of 
expected messages can be reduced to correspond 
to the number of effective messages. If and only if 
the residual number is different from zero will the de- 


INSTRUCTION 1: CHANNEL CONNECTION 


0 
A7 A6 AS C8 
yes 1 0 1 0 |(Bo2 Boi Bod 1 
(Bo2 Boi Bod 0 


Control Signals Data Bus 
Match C/D CS WR RD|D7 D6 D5 D4 D3 D2 Di ODO 


ee ee ee 
4th Data Byte: selected output channel. 
1 Oo 4 
1 1 


1 
C7 C6 C5 C4 C3 C2 C1 CO | OR1: CM content copy, that is, 
yes 0 0 1 (1 1 1) | for mismatch condition, 
(Bi2 Bit BiO Ci4 Ci38 Ci2 Cit Ci0)} for match condition 


0 0 
1 1 1 
0 0 0 
0 0 0 


M3488 


vice start the extraction protocol at the end of the 
current routine. 


The procedure is as follows : the DR outputis pulsed 
low as a two cycle interrupt request and OR2 is 
loaded with the total number of active channels to 
be extracted. 


The transfer of OR2 content to the microprocessor 
continues the extraction which consists of repeated 
steps of OR1 and OR2 loading, indicating respec- 
tively the message and the incoming bus number. 
Reading the registers in the order OR1, OR2 must 
be continued until completion or until the time frame 
runs out. 


With a new time frame a new extraction process be- 
gins, resuming the copy operation from the back- 
ground register. 


During extraction the active channels are scanned 
from the highest to the lowest number (from 7 to 0). 
While extraction is being carried out the time interval 
requirements between active rising edges of RD are 
minimum 4 to 7 tcx for sequence OR2 - OR1 and 
minimum 2 times tck for sequence OR1 - OR2. More 
details are given in the following tables. 


INSTRUCTION TABLES 


The most significant digits of OR2 A7, A6, A5 area 
copy of the PCM selected output bus ; the least sig- 
nificant digits of OR2 are the opcode, C8 is the con- 
trol bit. In any case parentheses () define actual reg- 
ister content. 


1 | OR2: that is, 
1) | for mismatch condition 


0 0 1) | for match condition 
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INSTRUCTION2: OUTPUT CHANNEL DISCONNECTION 


Control Signals Data Bus 
Match C/D CS WR RD!D7 D6 D5 D4 D3 D2 D1 OobDO 


X 0 0 oO 414]X =X xX XX Bo2 Bot Bod} 1* Data Byte: selected output bus. 

X 0 0 0 1 X X  X Co4 Co3 Co2 Cot Cod] 2" Data Byte: selected output channel. 
Yes 1 0 0 1 X xX X xX 0 0 1 0 | Instruction Opcode 
Yes 0 0 1 0 1 1 
es 1 0 1 


OR1: CM Content Copy (output 
1 1 1 1 1 1 cnr 
channel is inactive) 
y 0 A7 A6 AS 1 0 1 1 1 | OR2: that is. 
(Bo2 Boi Bod 1 0 1 1 1) 


INSTRUCTIONS: LOADING ON A PCM OUTPUT CHANNEL FROM A MICROPROCESSOR BYTE 


Control Signals Data Bus 
Match C/D CS WR RD|D7 D6 D5 D4 D3 D2 D1 DO 
. ’ _. | 1° Data Byte: most significant digits to 
nd . She Nes 
X Ci4 Ci8 Ci2 Cit Cio 2 Data Byte: least significant digits to 
be inserted. 


X Bo2 Bol Bod] 3” Data Byte: selected output bus. 


C7 C6 C5 C4 C3 C2 Ci CO | OR1: CM content copy, that is, 
(1 1 1 1 1 1 1 1) | for mismatch condition, 
(Ci7 Ci6 Ci5 Ci4 Ci3 Ci2 Cil Ci0)} for match condition 


1 | OR2: that is. 
(Bo2 Bot Bod 1 1) 


INSTRUCTION4: TRANSFER OF A SINGLE PCM SAMPLE 


Control Signals Data Bus 
Match C/D CS WR RD|D7 D6 D5 D4 D3 D2 D1 ODO 
X Bo2 Bol Bo0| 1* Data Byte: selected output bus 


X xX X XxX 
X X X Co4 Co3 Co2 Col Cod| 2™ Data Byte: selected output channel. 
X XK XK xX 1 0 1 Instruction Opcode 


S7 S6 S5 S4 $3 S2 Si SO SM Content Sample if C8 = 0 


A7 A6 AS OR2: that is. 


1 0 1 1 1 
(Bo2 Boi Bod 1 0 1 1 1) 


Notes : S7...S0 is a parallel copy of a PCM data, S7 is the most significant digit and the first of the sequence. 
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INSTRUCTIONS: TRANSFER OF AN OUTPUT CHANNEL CONTROL WORD 


Data Bus 


A7 A6 AS C8 


1 
Bo2 Bot BoO C8 1 


INSTRUCTION6: CHANNEL 0 SELECTION MASK STORE/DATA TRANSFER 


| Yes 10 #08 i]X xX X 


Mask store control 
Yes 0 
Yes 1 

First Data Transfer (after DR going low 


Yes 1 0 1 O N2 Ni NO Tn 
Repeated Data Transfer (after first OR2 transfer) 


Yes 0 0 1 0 
Yes | 0 1 0 


Notes: 


P2 P1 PO Fn 


Control Signals Data Bus 
Match C/D CS WR RD|D7 D6 D5 D4 D3 D2 D1 DO 
st . ‘ Peck 
X 0 0 0 1 X X X xX xX Miz Mise Mis 1 Data Byte: most sign. digits of 
selection mask. 
nd ; ; wis 
Xx 0 060 0 14]xX xX X M4 MZ Mi2 Mit Mio| 2 Pata Byte: least sign. digits of 
selection mask. 
Yes 1 0 X { { { 


0 1 O OR1: register is not affected. 
0 1 0 |N2 Ni NO Tn 1 1 | 0 | OR2: see below. ; 


Yes 0 0 1 0 OR!1: register is not affected. 


1 1 1 0 


S7 S6 S5 S4 S383 S2 Si _ SO | OR1: expected message stored in SM. 


1 1 1 


0 | Instruction Opcode 


OR2: see below. 


0 | OR2: see below. 


. About mask bits Mi0 to Mi7 a logic "0" level means disabling condition, a logic "1" level means enabling condition. 


. Anullmask or a RESET pulse clear the mask and the deep background mask registers and disable channel 0 extraction function. 


1 
2 
3. Reading of OR2 is optional after mask store or redefinition, because function is activated only by not-null mask writing. 
4 


. After mask store (N2 N1 NO) is the sum of activated channels, after DR is the sum of active channels ; Tn = 1/0 means activation/sup- 
pression of the function after store while after DR only Tn = 1 can appear to tell a not-null configuration to be extracted 
5. Reading of OR2 is imperative after DR in order to step the data transfer ; reading of OR1 is also needed to scan in descending order 
the priority register. Relevant messages only are considered, that means only messages with a MSD label different from 0 1. 
6. (P2P1 PO) is the PCM bus on which the message copied in OR1 was found ; Fnis a continuation bit telling respectively on level 1/0 


for any more/no more extraction step to be performed. 


M3488 WITH LESS PCM LINKS THAN 32 
CHANNELS 


It is also possible to use M3488 when the PCM 
frames are made up of a number of channels other 
than 32. 


Suppose that the PCM frames are made up of N- 
Channels, which will be numbered from 0 to (N-1). 


Each PCM frame will thus be made up of a number 
of bits multiplied by 8 ; this exactly equal to (N° 8). 


Also, in this case, it is necessary to respect the tim- 
ing relationship between the different signals shown 
on the data sheet ; in particular, a relation-ship is al- 
ways carefully made between the rising edge of 


SYNC and the first clock (CK) bit contained in the 
slot time for bit 0 of channel 0. 


In order to use M3488 with these frames, it is suffi- 
cient, using the data bytes sent by the microproces- 
sor, to modify the numbering of a few channels. 


In particular : 


a) in allinstructions in which reference is made to the 
input channel (N-1), the number 31 should be 
substituted for the number (N-1) ; 


b) in allinstructions in which reference is made to the 
output channel 0, the number N should be sub- 
stituted for the number 0. 
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CMOS 12 X 8 CROSSPOINT WITH CONTROL MEMORY 


a» LOW ON RESISTANCE 
(typ. 60 Q at Vpp = 10 V) 
es INTERNAL CONTROL LATCHES 
a ANALOG SIGNAL SWING CAPABILITY EQUAL 
TO POWER SUPPLY VOLTAGE APPLIED 
a» LESS THAN 1 % TOTAL DISTORT. AT 0 dBm 
m LESS THAN — 95 dB CROSS-TALK 
AT 1 KHz 1 Vpp 
a VERY LOW POWER CONSUMPTION 
a PIN-TO-PIN COMPATIBLE WITH M093 


DESCRIPTION 


The M3493 contains a 12 x 8 array of crosspoint to- 
gether with a 7 to 96 line decoder and latch circuits. 
Anyone of the 96 switches can be addressed by se- 
lecting the appropriate 7 input bits. The selected 
switch can be turned on or off by applying a logical 
one or zero to the data in and the strobe input at logi- 


BLOCK DIAGRAM 


STROBE DATAIN RESET 
O O 


1-7) 


LATCHES 


<q 
Ww) 
nn 
lu 
a 
oO 
a 
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7T0 96 DECODER 


October 1993 


ORDERING NUMBER : M3493B1 


cal one. A reset signal can be used to turn off all the 
switches together when is switched at logical one. 


M3493 is available in 40 lead dual in-line plastic 
package. 


0-11) 


Xx, INPUTS (1 


Y, INPUTS (1=0 -7) 
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PIN CONNECTION (top view) 


AX3 


NC 
NC 
X6 
x7 
x8 
x9 
X10 
XM 
NC 
v7 
NC 
Y6 
STROBE 


INPUT/OUTPUT DESCRIPTION 


Symbol | Pin | Cescription 


POWER 


Jt | Veo | 40 __| Positive Power Supply 
I | vss | 20 _| Negative Power Supply 


ADDRESS 
AX0-AX3 4,5, 22,23 | X Address Lines. These 4 pins are used to select one of the 12 rows of 
switches. Refer to the truth table for legal address. 
AY0-AY2 2, 24, 25 Y Address Lines. These 3 pins are used to select one of the 8 columns of 
switches. Refer to the truth table for legal address. 


CONTROL 


| - 
¥ — 


BB 


DATA . 


/O X0-X11 8-13, 28-33 | Analog Input/Outputs. These pins are connected to the YO-Y7 pins in according 
to the truth table. 
/0 Y0O-Y7 1,15,17,19,21 | Analog Input/Outputs. These pins are connected to the X0-X15 pins in 
35,37,39 according to the truth table. 


This input determines if the selected switch will be turned on (closed) or off 
(opened). If the pin is held high, the selected switch will be closed. 
If the pin is held low, the switch will be opened. 


This pin enables whatever action is selected by the ADDRESS and DATA pins. 
When the STROBE pin is held low, no switch openings or closings take place. 
When the STROBE pin is held high, the switch addressed by the select lines 
will be opened or closed (depending upon the state of the DATA pin) 


Master Reset. This pin turns off (opens) all 96 switches. The states of the 
above control lines are irreleant. This pin is active high. 
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TRUTH TABLE 


Address Connections 
"amo | axi [| Axe | axa | AVO | AVI | AV2 | 


0 0 X0 - YO 
| X1 - YO 
0 X2 - YO 
| X3 - YO 
0 X4 - YO 
1 X5 - YO 
0* No connection 
i No connection 
0 X6 - YO 
1 X7 - YO 
0 X8 - YO 
1 X9 - YO 
0 X10 - YO 
1 X11 - YO 
0* No connection 
4a No connection 


pect 


ABSOLUTE MAXIMUM RATINGS 


DC supply Voltage - 0.5, 14 
Input Voltage Range - 0.5, Vop + 0.5 


[Unit _| 

9, V 

: V 
Power Dissipation 
[ase 


Operating Temperature Range 0G 
Storage Temperature Range - 50, + 125 


Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This ts a stress 
rating only and functional operation of the device at these or any other conditions in excess of those indicated tn the operational 
sections of this specification ts not implied. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS 
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STATIC ELECTRICAL CHARACTERISTICS (Tamb = 0 to 70°C, Vpp = 10V, unless otherwise specified 


| Symbol | ___— Parameter | ~—sTeest Conditions | Min. | Typ. | Max. | Unit | 
ls | Supply Curent | Reset=Voo Tt 


CROSSPOINT 


|| OnResistance | Vin = 4.75V, Vonc = 4.5V, See Figure 1 
|__| On Resistance Variation tee ee eae ed 
| | (Off-leakage * All switches off Vos = Vis = 0 to Vop 


CONTROLS 


Fe eae pe) 
OVA ae oe oe ee eet 
[input Leakage” «Vw 00 Vo SCS 


* The device is guaranteed with such limits up to 70°C. At 25°C these limits become + 100nA. 


DYNAMIC ELECTRICAL CHARACTERISTICS 
(Tamb = 25°C, CL = 50pF all input square wave rise and fall times = 10ns, Vpp = 10V) 


[Symbol] Parameter —_—~=«di~~S~STest Conditions | Min. | Typ. [Max.[ Unit [Fig. 
CROSSPOINT 


tpHL, | Propagation Delay Time (switch on) Ry = 1kQ, Vis = 2Vpp 30 | 100] ns | 2 
tpLH | Signal Input to Output 

Frequency Response (any switch on) Ry = 81Q, Vis = 2Vpp, CL = 3pF 50 MHz 

20 log (Vos/Vis) = -3dB 


| «| Sine Wave Distortion == ss Pisiorten = 1kHz, Ry =0.6kQ, Vis=8VepP| | | 11% | | 
[peor (any anita [= 102 Baw Ta eve et pete 


Frequency for Sana Coscia Ry = 1kQ, Vis = DVep 
Attenuation of 40dB MHz 
Attenuation of 110dB kHz 
C Capacitance pF 
Xn to Ground 15 
Vn to Ground fq = 1MHz, Vis = 0.1Vpp 15 
Feed Through 0.4 


| | Capacitance Logic Input to Ground | fg= 1MHz, Vis=0.1Vep_ | | & || | 


CONTROLS (t, t = 10ns) 
POE al a 


tpsn | Propagation Delay Time Strobe to 
Output (switch turn-on to high level) 
|_| 150 | 200 | ns | 6 
|_| 150 | 200 | ns | 7_ 


tepzH | Data-in to Output (turn-on to high level) 
Whe alba ak 


Address to Output (turn-on to high level) 


tpsF | Propagation Delay Time Strobe to 
Output (switch turn-off) 


Data-in to Output ( rane low level) 


|__| 150 | 200 | ns | 7 | 
ee ee 
a! fs MM Kal 

10 
| to | Switching Frequency ical de tha «GEM = =| 
| tw | Strobe Pulse Width ioo] | ens | 10 | 
| twa |ResetPulse Width sd iso; | | ns| 9. 
|_| 150 | 200} ns | 9 | 
tas | Address Set-up Time Address to Strobe 120; | ns | 10 | 
|_ta__| Address Hold Time Address to Strobe _| 120} | ens | 10 | 
| Control Crosstalk Data-in, Address or Square wave input, Vin = 3V, Cae ee 

Strobe to Output Ri = 10kQ 
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TEST CIRCUITS 


Figure 1 : Ron Measurement. Figure 2 : Propagation Delay Time and Wave- 
forms (signal input to signal output 
switch ON). 


—— 
4.5V 
AV=0.25V = 
ie! 
SW=ANY CROSSPOINT 


5-10789 STROBE=DATA-IN2Vpp Veg >"10780 


Figure 3 : Off Isolation Measurement (Feed through). 
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1S 
$-10787 
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Figure 4 : Crosstalk Measurements. 


SAME INTEGRATED CIRCUIT 


pases eee | 


V a“ V 
IS (RMS) Pane Any See (RMS) Yos 
SWITCH “ON “SWITCH 


50n 


0.7=V(RMS) 
1KHz 


25 Voc 5p! = SVOC SYpc * 
Vss 


Vos 
CT=20 Log (2 Joe 5 10788 
| 


Figure 5 : Propagation Delay Time and Waveforms (strobe to signal output switch Turn-ON or Turn-OFF). 


DATA IN 


DATA IN 


SWaANY CROSSPOINT 


Figure 6 : Propagation Delay Time and Waveforms (data-in signal output, switch Turn-ON to high or 
low level). 


DATA IN 
+ 5V 


DATA IN DATA IN 


SWzANY CROSSPOINT_L. 


STROBE =Vpp 
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Figure 7 : Propagation Delay Time and Waveforms (address to signal output switch Turn-ON or 
Turn-OFF). 


+5V 


AOORESS 


——s 


ADORESS «0 


+5V 
DATA IN 


SWsANY CROSSPOWT 
STROBE =Vpn 


Figure 8 : Waveforms for Crosstalk (control input to signal output). 
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VG 
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S-1C79 3 


SW=ANY CROSSPOINT 77208! 
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Figure 9 : Propagation Delay Time and Waveforms (reset to output delay). 


Voo 
DATA IN / 
—-0 


e 
RESET 


SW= ANY CROSSPOINT 
STROBE=Vpp 


Figure 10 : Propagation Delay Time and Waveforms (Strobe and C/S to signal output switch). 


STROBE DATAIN STROBE 


c/s V 
DATA = 


Vis~ Yoo 


$-10785 
SWITCH 


$-9849/1 


8/10 
kyZ SGS “THOMSON 
188 


Figure 11 : Typical Ron versus Vis. 
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Figure 12 : Peak to Peak Voltage Capability versus Total Harmonic Distortion. 


Vac (Vpp) 
14 — 
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Figure 13 : Vams Capability versus Vpp. 
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TYPICAL APPLICATIONS 
The figures 14, 15 and 16 show the system configuration for expanded matrices (16 x 16, 8 x 64, 32 x 32). 


Figure 14 : (16 x 16 non blocking matrix). 


Figure 15 : (8 x 64 matrix). 
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CMOS 16 X 8 CROSSPOINT WITH CONTROL MEMORY 


a LOW ON RESISTANCE 
(typ. 60 Q at Vpp = 10 V) 
a INTERNAL CONTROL LATCHES 
a ANALOG SIGNAL SWING CAPABILITY EQUAL 
TO POWER SUPPLY VOLTAGE APPLIED 
a LESS THAN 1 % TOTAL DISTORT. AT 0 dBm 
a» LESS THAN — 95 dB CROSS-TALK 
AT 1 KHz 1 Vop 
a VERY LOW POWER CONSUMPTION 


DESCRIPTION 


The M3494 contains a 16 x 8 array of crosspoint to- 
gether with a 7 to 128 line decoder and latch circuits. 
Anyone of the 128 switches can be addressed by se- 
lecting the appropriate 7 input bits. The selected 
switch can be turned on or off by applying a logical 
one or zero to the data in and the strobe input at lo- 
gical one. A reset signal can be used to turn off all the 
switches together when is set at logical one. 


The input pin Ve shifts the logic level of the digital in- 
puts. It allows one M3494 supplied between Ves and 
Vpp to have input logic levels equal to Ve and Vpp. 


BLOCK DIAGRAM 
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ORDERING NUMBER : M3494 B1 


M3494 can handle analog signals with an amplitude 
equal to the voltage power supply. 


The C/S allows the control inputs of different devices 
to be connected in parallel in multiple chip system. 
Each device is selected when its own C/S input pin 
is high level. 


M3494 is available in 40 lead dual in-line plastic. 


X, INPUTS (120-15) 


Y , INPUTS (1=0-7) 
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PIN CONNECTION (top view) 
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INPUT/OUTPUT DESCRIPTION 


Symbol | Pin’ [ escription 


POWER 


| | [| Voo | _-40__| Positive Power Supply 
|! {[  Vss [| 20 _| Negative Power Supply 
jt | ve | 16 __‘{ Digital Signal Ground 


ADDRESS 
AX0-AX3 4,5, 22,23 | X Address Lines. These 4 pins are used to select one of the 16 rows of 
switches. Refer to the truth table for legal address. 
AY0-AY2 2, 24, 25 Y Address Lines. These 3 pins are used to select one of the 8 columns of 
switches. Refer to the truth table for legal address. 
DATA 38 This input determines if the selected switch will be turned on (closed) or off 
(opened). If the pin is held high, the selected switch will be closed. 
If the pin is held low, the switch will be opened. 
¥ — 
connected in parallel in multiple chip system. 
This pin is active high. Each device is selected by its own C/S input pin. 
/O X0-X11 6-13, 26-33 | Analog Input/Outputs. These pins are connected to the YO-Y7 pins in according 
to the truth table. 


This pin enables whatever action is selected by the ADDRESS and DATA pins. 

When the STROBE pin is held low, no switch openings or closings take place. 

ie) YO-Y7 1,15,17,19,21 | Analog Input/Outputs. These pins are connected to the X0-X15 pins in 
35,37,39 according to the truth table. 

2/11 


When the STROBE pin is held high, the switch addressed by the select lines 
will be opened or closed (depending upon the state of the DATA pin) 


Master Reset. This pin turns off (opens) all 128 switches. The states of the 
above control lines are irreleant. This pin is active high. 


Chip Select. This pin allow the input control lines of different M3494’s to be 
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TRUTH TABLE 


Address 
Seca ee ee ae ee ee 


X0<0> -<0>Y0 
X1<0> -<0>Y0 
X2 <0>-<0>Y0 
X3 <0>-<0>Y0 
X4 <0>-<0>Y0 
X5 <0>-<0>Y0 
X12 -<0>Y0 
X13 -<0>Y0 
X6 <0>-<0>Y0 
X7 <0>-<0>Y0 
X8 <0>-<0>Y0 
X9<0> -<0>Y0 
X10 -<0>Y0 
X11 -<0>Y0 
X14 -<0>Y0 
X15 -<0>Y0 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 
DC Supply Voltage (Vas = 0) —0.5 to 14 
VIN Input Voltage Range Ve — 0.5 to Vop + 0.5 


Power Dissipation 
Top Operating Temperature Range 


Storage Temperature Range — 50 to 125 


Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device This is a stress 
rating only and functional operation of the device at these or any other conditions in excess of those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect 


device reliability. 


RECOMMENDED OPERATING CONDITIONS 
po Parameter | ae nit 


Symbol 


a 


Vpp Supply Voltages Ve =0+5+10% V 

BB —-5+10% V 
Top __| Operating Temperature 
Vin | (logic signal) | Va Vo | 
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STATIC ELECTRICAL CHARACTERISTICS (Tamb = 0 to 70°C, Vpp = +5V, Va = OV, Vas = -5V un- 
less otherwise specified 


Test Conditions | Min. | Typ. | Max. | Unit | 
| ts | Supply Current | Reset=Voo tT tm 
CROSSPOINT 

| | OnResistance | Vine = 0.75V, Voc = 0.5V, See Figure 1 | | 

|| On Resistance Variation | 

|| Off-leakage * |All switches off Vos = Vis = VestoVoo | __ 

CONTROLS 

ee Wie foo 


ME oe eta ee ee 
pe Mierue se. ete ee 
|_| Input Leakage * Vin = Ve to Vpp 


* The device is guaranteed with such limits up to 70°C. At 25°C these limits become + 100nA 


DYNAMIC ELECTRICAL CHARACTERISTICS 
(Tamb = 25°C, CL = 50pF all input square wave rise and fall times = 10ns, Vpp = 10V) 


Symbol] Parameter | TestConditions | Min. | Typ. | Max. | Unit | Fig. 
CROSSPOINT 


tpH_, | Propagation Delay Time (switch on) Re = 1kQ 30 | 100 2 
tpLH | Signal Input to Output 
Frequency Response (any switch on) Ri. = 91Q, Vis = 2Vpp, OC. = 3pF 50 MHz 
20 log (Vos/Vis) = -3dB 
Sine Wave Distortion f,= 1kHz, RL =0.6KQ, Vis=8Vep | =| =| 1 | % i] | 
Feedthrough (any switches off) fi = 10KHz, Re = 1kQ, Vis = 2Vpp /-80} | | 


er | dB | 3 | 
Frequency for Signal Crosstalk Vis = 1Vpp 4 

Attenuation of 40dB 1 MHz 
Attenuation of 110dB 5 kHz 

C Capacitance pF 
Xn to Ves 15 
Yn to Ves f, = 1MHz, Vis = 0.1Vpp 15 
Feedthrough 0.4 


| C | Capacitance Logic InputtoVe [i= 1MHz, Vis=0.1Vep | S| | | 


CONTROLS (t,, t) = 10ns) (Vpp = +5V, Ve = OV, Vap = -5V) 


tpsn_ | Propagation Delay Time Strobe to Ri = 1kQ, Cr = 50pF 150 | 200 5 
Output (switch turn-on to high level) 


|_| 150 | 200 | ns | 6 | 

|_| 150 | 200 | ns | 7 | 

Propagation Delay Time Strobe to -_ 150 | 200 
Output (switch turn-off) 

Data-in to Output (turn-on to low level) | | 150 | 200 | ns | 6 | 

Address to Output (turn-off) az 150 | 200 aise | es 


ts Set-up Time Data-in to Strobe or C/S 


Hold Time Data-in to Strobe or C/S 


Switching Frequency 

Strobe Pulse Width C/S Pulse Width 
Reset Pulse Width 

Reset Turn-off to Output Delay | | 150 | 200 | ns | 9 | 
tAH 


tas Address Set-up Time Address to 


120 10 
Strobe or C/S 
Address Hold Time Address to Strobe 120 ns | 10 
or C/S 
Control Crosstalk Data-in, Address or Square wave input, Vin = 3V, 75 mV 
Strobe to Output Ri = 10kQ 
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TEST CIRCUITS 


Figure 1 : RON Measurement. 
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Figure 2 : Propagation Delay Time and 
Waveforms (signal input to signal out- 
put switch ON). 
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Figure 4 : Crosstalk Measurements. 
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Figure 6 : Propagation Delay Time and Waveforms (data-in signal output, switch Turn-ON to high or 
low level). 
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Figure 7 : Propagation Delay Time and Waveforms (address to signal output switch Turn-ON or 
Turn-OFF). 
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Figure 8 : Waveforms for Crosstalk (control input to signal output). 
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Figure 9 : Propagation Delay Time and Waveforms (reset to output delay). 
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Figure 11 : Typical Ron versus Vis. 
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Figure 13 : Vams Capability versus Vpp. 
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TYPICAL APPLICATIONS 
The figures 14, 15 and 16 show the system configuration for expanded matrices (16 x 16, 8 x 64, 32 x 32). 


Figure 14 : (16 x 16 non biccking matrix). 
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Figure 15 : (8 x 64 matrix). 
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The availability of the C/S input in addition of the Fig. 17 shows an example, the selection circuit for 
STROBE input aids the addressing circuit for expan- a matrix with 4 x M3494 that implement this function 
ded matrices. with only one extenal inverter. 


Figure 17. 
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Note : The Reset, Data and Address inputs are connected tn parallel. 
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ITT] SO Etne M5913 


COMBINED SINGLE CHIP PCM CODEC AND FILTER 


SYNCHRONOUS CLOCKS ONLY 

AT&T D3/D4 AND CCITT COMPATIBLE 

TWO TIMING MODES: 

FIXED DATA RATE MODE — 1.5386MEHz, 

1.544MHz, 2.048MHz 

VARIABLE DATA MODE: 64KHz - 4.096MHz 

m PIN SELECTABLE p-LAW OR A-LAW OP- 
ERATION 

m» NO EXTERNAL COMPONENTS FOR SAM- 
PLE-AND-HOLD AND AUTO ZERO FUNC- 
TIONS 

a LOW POWER DISSIPATION: 

0.5mW POWER DOWN 


ORDERING NUMBER: M5913B1 


70mMW OPERATING Office Switching Systems 
e EXCELLENT POWER SUPPLY REJECTION - Concentration - M5913 Subscriber Carrier and 
Concentrators. 


The wide dynamic range (78dB) and the minimal 
DESCRIPTION conversion tiie ake i tied ee for other 
The M5913 is fully integrated PCM (pulse code ~—_ applications such as: 

modulation) codecs and transmit/receive filter us- - Voice Store and Forward 

ing CMOS silicon gate technology. 


Hee - Secure Communications Systems 
The primary applications for the M5913 are tele- Digital Echo C fr 


- Switching - M5913-Digital PBX’s and Central - Satellite Earth Stations. 
BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


| symbol | Parameter | Unit _| 


Analog Inputs, Analog Outputs and Digital Inputs VBB — 0.3 < Vin/Vout $ Voc + 
0.3 


VopiG Digital Outputs GRDD — 0.3 < Vout Voc +.0.3 


-65 to 150 


Prot Total Power Dissipation 
Storage Temperature Range 


PIN CONNECTION (Top view) 


= 


Ves cc 

PWRO + GSx 
PWRO - VF x I- 
GSa VF xls 
PON GRDA 
CLKSEL ASEL 
DCLKR 14}] TSx/OCLK y 
Dp Ox 
FSR FSx 
GRDO CLK x 


PIN NAMES 


Parameter 


Transmit Digital Signaling Input 
uw or A-law Select 


| 
| DCLKx 
[| Dr _—'| Receive Channelinput Dx | Transmit (Digital) Output 
FSx 
| 
Voc Power (+5V) : 
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PIN DESCRIPTION 


Function 
Ves Most Negative Supply. Input voltage is -5 volts +5%. 


Non-inverting Output of Power Amplifier. Can drive transformer hybrids or high impedance loads 
directly in either a differential or single ended configuration. 


PWRO - Inverting Output of Power Amplifier. Functionally identical and complementary to PWRO+. 


GSrpr Input to the gain Setting Network on the Output Power Amplifier, Transmission level can be 
adjusted over a 12dB range depending on the voltage at GSr. 
ae Power Down Select. When PDN is TTL high, the device is active.When low, the device is powered 

down. 

CLKSEL input which must be pinstrapped to reflect the master clock frequency at CLKx, CLKr. 
CLKSEL = Ves 2.048MHz 
CLKSEL = GRDD 1.544MHz 
CLKSEL = Vcc 1.536MHz 

LOOP Analog Loopback. When this pin is TTL high, the receive output (PWRO+) is internally connected 

to VFxl+, GSr is internally connected to PWRO-, and VFxl- is internally connected to GSx. 
A 0dBm0 digital signal input at Dr is returned as a +3dBm0 digital signal output at Dx. 


Signalling Bit Output, Receive Channel. In fixed data rate mode. SIGr outputs the logical state of 
the eighth bit of the PCM word in the most recent signaling frame. 


Selects the fixed or variable data rate mode. When DCLKR is connected to Ves, the fixed data rate 
mode is selected. 

When DCLKk is not connected to Vgp, the device operates in the variable data rate mode. In this 
mode DCLKr becomes the receive data clock wich operates at TTL levels from 64kB to 4.096MB 
data rates 


Receive PCM Input. PCM data is clocked in on this lead on eight consecutive negative transitions 
of the receive data clock: CLKR in the fixed data rate mode and DCLKg in variable data rate mode. 


8kHz frame synchronization clock input/timeslot enable, receive channel. A multifunction input 
which in fixed data rate mode distinguishes between signaling and non-signaling frames by means 
of a double or single wide pulse respectively. In vanable data rate mode this signal must remain 
high for the entire length of the timeslot. The receive channel enters the standby state whenever 
FSR is TTL low for 30 miliseconds 


GRDD Digital Ground for all Internal Logic Circuits. Not internally tied to GRDA. 
CLKr Receive master and data clock for the fixed data rate mode; receive master clock only in variable 
data rate mode. 
CLKx Transmit master and data clock for the fixed data rate mode; transmit master clock only in variable 
data rate mode. 
8kHz frame synchronization clock input/timeslot enable, transmit channel. Operates independently 
but in an analogous manner to FSR. The transmit channel enters the standby state whenever FSx 
is TTL low for 30 milliseconds. 
Transmit PCM Output. PCM data is clocked out on this lead on eight consecutive positive 
transitions of the transmit data clock : CLK in fixed data rate mode and DCLKkx in variable data rate 
mode. 

TSx/DCLKx Transmit channel timeslot strobe (output) or data clock (input) for the transmit channel. In fixed 
data rate mode, this pin becomes the transmit data clock which operates at TTL levels from 64kB 
to 4.096MB data rates. 

SIGx/ASEL A dual purpose selects p-law and pin. When connected to Vgp. A law operation is selected. When it 
is not connected to Vgzs pin is a TTL level input for signaling operation. This input is transmitted as 
ee eighth bit of the PCM word during signaling frames on the Dx lead. 

Not Connected. 
se Analog ground retum for all internal voice circuits. Not internally connected to GRDD. 
Non inverting analog input to uncommitted transmit operational amplifier. 
input to uncommitted transmit operational amplifier. 
GSx Output terminal of on-chip uncommitted op amp. Intemally, this is the voice signal input to the 
transmit filter. 
Most positive supply ; input voltage is + 5 volts +5% 
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FUNCTIONAL DESCRIPTION 


The M5913 provides the analog-to-digital and the 
digital-to-analog conversion and the transmit and 
receive filtering necessary to interface a full du- 
plex (4 wires) voice telephone circuit with the 
PCM highway of a time division multiplexed 
(TDM) system. It is intended to be used at the 
analog termination of a PCM line. 


The following major functions are provided : 

u Bandpass filtering of the analog signals prior to 
encoding and after decoding 

x Encoding and decoding of voice and call pro- 
gress information 

x Encoding and decoding of the signaling and 
supervision information 


GENERAL OPERATION 
System Reliability Features 


The combo-chip can be powered up by pulsing 
FSx and/or FSR while a TTL high voltage is ap- 
plied to PDN, provided that all clocks and sup- 
plies are connected. The M5913 has internal re- 
sets on power up (or when Vegp or Vcc are 
re-applied) in order to ensure validity of the digital 
outputs and thereby maintain integrity of the PCM 
highway. 

On the transmit channel, digital outputs Dx and 
TS x are held in a high impedance state for ap- 
proximately four frames (500s) after power up or 
application of Ves or Vcc. After this delay, Dx and 
TS, will be functional and will occur in the proper 
timeslot. The analog circuits on the transmit side 
require approximately 40 milliseconds to reach 
their equilibrium value due to the autozero circuit 
setting time. Thus, valid digital information, such 
as for on/off hook detection, is available almost 
immediately, while analog information is available 
after some delay. 


On the receive channel, the digital output SIGr is 
also held low for a maximum of four frames after 
power up or application of Ves or Vcc, SlGr will 
remain low thereafter until it is updated by a sig- 
naling frame. 


To further enhance system reliability, TS , and Dx 
will be placed in a high impedance state approxi- 
mately 20us after an interruption of CLKx. Simi- 


Table 1: Power Down Methods 


Power Down Methods 


larly SIGR will be held low approximately 20us af- 
ter an interruption of CLKr. These interruptions 
could possibly occur with some kind of fault con- 
dition. 


Power Down And Standby Modes 


To minimize power consumption, two power down 
modes are provided in which most M5913 func- 
tions are disabled. Only the power down, clock, 
and frame sync buffers, which are required to 
power up the device, are enabled in these modes. 
As shown in table 1, the digital outputs on the ap- 
propriate channels are placed in a high imped- 
ae state until the device returns to the active 
mode. 


The Power Down mode utilizes an external con- 
trol signal to the PDN pin. In this mode, power 
consumption is reduced to an average of 0.5mW. 
The device is active when the signal is high and 
inactive when it is low. In the absence of any sig- 
nal, the PDN pin floats to TTL high allowing the 
device to remain active continuously. 


The Standby mode leaves the user an option of 
powering either channel down separately or pow- 
ering the entire down by selectively removing FSx 
and/or FSr. With both channels in the standby 
state, power consumption is reduced to an aver- 
age of 1mW. If transmit only operation is desired, 
FSx should be applied to the device while FSr is 
held low. Similarly, if receive only operation is de- 
ee FSr should be applied while FSx is held 
ow. 


Fixed Data Rate Mode 


Fixed data rate timing, is selected by connecting 
DCLKr to Ves. It employs master clock CLKx, and 
CLKr, frame synchronization clocks FSx and 
FSr, and output TS y. 


CLKx, and CLKr, serve both as the master clock 
to operate the codec and filter sections and bit 
clocks to clock the data in and out from the PCM 
highway. FSx and FSp are 8kHz inputs which set 
the sampling frequency and distinguish between 
signaling and non-signaling frames by thir pulse 
width. A frame synchronization pulse which is one 
master clock wide designates a non-signaling 
frame, while a double wide sync pulse enables 


Digital Outputs Status 


FSx and FS, are TTL low TSx and Dx are placed in a high impedance state and 
S!Gr is placed in a TTL low state 30ms after FSx and 
FSr are removed. 


PDN = TTL low TSx and Dx are placed in a high impedance state and 
S!Gp is placed in a TTL low state within 10us. 


FSx is TTL low 
; within 30ms. 


FSr is TTL low 
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the signaling function. TS, is a_ timeslot 
strobe/buffer enable output which gates the PCM 
word onto the PCM highway when an external 
buffer is used to drive the line. 


Data is transmitted on the highway at Dx on the 
first eight positive transitions of CLKx following 
the rising edge of FSx. Similarly, on the receive 
side, data is received on the first eight falling 
edges of CLKr. The frequency of CLKx and CLKr 
is selected by the CLKSEL pin to be either 1.536, 
1.544 or 2.048MHz. No other frequency of opera- 
tion is allowed in the fixed data rate mode. 


Variable Data Rate Mode 


Variable data rate timing is selected by connect- 
ing DCLKr to the bit clock for the receive PCM 
highway rather than to Ves. It employes master 
clocks CLKx and CLKr, bit clocks DCLKr and 
DCLKx and frame synchronization clocks FSR 
and FSx. 


Variable data rate timing allows for a flexible data 
frequency. It provides the ability to vary the fre- 
quency of the bit clocks, from 64kHz to 4096MHz. 
Master clocks inputs are still restricted to 1.536, 
1.544, or 2.048MHz. 


In this mode, DCLKR and DCLKx become the 
data clocks for the receive and transmit PCM 
highways. While FSx is high, PCM data from Dx 
is transmitted onto the highway on the next eight 
consecutive positive transitions of DCLKx. Simi- 
larly, while FSp” is high, each PCM bit from the 
highway is received by Dr on the next eight con- 
secutive negative transitions of DCLKr. 


On the transmit side, the PCM word will be re- 
peated in all remaining timeslots in the 125s 
frame as long as DCLKx is pulsed and FSx is 
held high. This feature allows the PCM word to be 
transmitted to the PCM highway more than once 
per frame, if desired, and is only available in the 
variable data rate mode. Conversely, signaling is 
only allowed in the fixed data rate mode since the 
variable mode provides no means with which to 
specify a signaling frame. 


Precision Voltage References 


No external components are required with the 
combochip to provide the voltage reference func- 
tion. Voltage references are generated on-chip 
and are calibrated during the manufacturing proc- 
ess. The technique use the bandgap principle to 
derive a temperature and bias stable reference 
voltage. These references determine the gain and 
dynamic range characteristics of the device. 


Separate references are supplied to the transmit 
and receive sections. Transmit and receive sec- 
tion are trimmed independently in the filter stages 
to a final precision value. With this method the 
combochip can achieve manufacturing tolerances 
of typically + 0.04dB in absolute gain for each half 
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channel, providing the user a significant margin 
for error in other board components. 


Conversion Laws 


The M5913 is designed to operate in both u-law 
and A-law systems. The user can select either 
conversion law according to the voltage present 
on the SIGx/ASEL pin . In each case the coder 
and decoder process a companded 8-bit PCM 
word following CCITT recommandation G.711 for 
u-law and A-law conversion. If A-law operation is 
desired, SIGx should be tied to Vas. Thus, signal- 
ing is not allowed during A-law operation. If p = 
255-law operation is selected, then SIGx is a TTL 
level input which modifies the LSB on the PCM 
output in signaling frames 


TRANSMIT OPERATION 
Transmit Filter 


The input section provides gain adjustment in the 
passband by means of an on-chip uncommitted 
operational amplifier. This operational amplifier 
has a common mode range of 2.17V, a maximum 
DC offset of 25mV, a minimum voltage gain of 
5000, and a unity gain bandwidth of typically 
1MHz. Gain of up to 20dB can be set without de- 
grading the performance of the filter. The load im- 
pedance to ground (GRDA) at the amplifier output 
(GSx) must be greater than 10kQ in parallel high 
less than 50pF. The input signal on lead VFxl+ 
can be either AC or DC coupled. The input op 
amp can also be used in the inverting mode or 
differential amplifier mode (see figure 3). 


A low pass anti-aliasing section is included on- 
chip. This section typically provides 35dB attenu- 
ation at the sampling frequency. No external com- 
ponents are required to provide the necessary 
anti-aliasing function for the switched capacitor 
section of the transmit filter. 


The passband section provides flatness and stop- 
band attenuation which fulfills the AT&T D3/D4 
channel bank transmission specification and 
CCITT recommendation G.7712. 

The M5913 specifications meet or exceed digital 
class 5 central office switching systems require- 
ments. The transmit filter transfer characteristics 
and specifications will be within the limits shown 
the relative table. 


A high pass section configuration was chosen to 
reject low frequency noise from 50 and 60Hz 
power lines, 17Hz European electric railroads, 
ringing frequencies and their harmonics, and 
other low frequency noise. 

Even though there is high rejection at these fre- 
quencies, the sharpness of the band edge gives 
low attenuation at 200Hz. This feature allows the 
use of low-cost transformer hybrids without exter- 
nal components. 
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Figure 3: Transmit Filter Gain Adjustment. 


Encoding 


The encoder internally samples the output of the 
transmit filter and holds each sample on an inter- 
nal sample and hold capacitor. 

The encoder then performs an analog to digital 
conversion on a switched capacitor array. Digital 
data representing the sample is transmitted on 
the first eight data clock bits of the next frame. 


An on-chip autozero circuit corrects for DC-offset 
on the input signal to the encoder. This autozero 
circuit uses the sign bit averaging technique. !n 
this way, all DC offset is removed from the en- 
coder input waveform. 


RECEIVE OPERATION 
Decoding 


The PCM word at the Dr lead is serially fetched 
on the first eight data clock bits of the frame. 

A D/A conversion is performed on the digital word 
and the corresponding analog sample is held on 


Figure 4: Gain Setting Configuration. 
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an internal sample and hold capacitor. This sam- 
ple is then transferred to the receive filter. 


Receive Filter 


The receive section of the filter provides pass- 
band flatness and stopband rejection which fulfills 
both the AT&T D3/D4 specification and CCITT 
recommendation G.712. The filter contains the re- 
quired compensation for the (sin X)/X response of 
such decoders. The receive filter characteristics 
and specifications are shown in the relative table. 


Receive Output Power Amplifiers 


A balanced output amplifier is provided in order to 
allow maximum flexibility in output configuration. 
Either of the two outputs can be used single 
ended (referenced to GRDA) to drive single 
ended loads. Alternatively, the differential output 
will drive a bridged load directly. The output stage 
is capable of driving loads as low as 300 ohms 
single ended to a level of 12dBm or 600 ohms dif- 
ferentially to a level of 15dBm. 


The receive channel transmission level may be 
adjusted between specified limits by manipulation 
of the GSr input. GSr is internally connected to 
an analog gain setting network. When GS&rp is 
strapped to PWRO-, the receive level is mini- 
mized; when it is tied to PWROs+, the level is mini- 
mized. The output transmission level interpolates 
between O and -12dB as GSR is interpolated 
(with potentiometer) between PWRO- and 
PWRO+. The use of the output gain set is illus- 
trated in figure 4. 


Transmission levels are specified relative to the 
receive channel output under digital milliwatt con- 
ditions, that is, when the digital input at Dr is the 
eight-code sequence specified in CCITT recom- 
mendation G.711. 


DIGITAL 
MILLIWATT 
SEQUENCE 

PER CCITT G.711 
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OUTPUT GAIN SET: DESIGN CONSIDERA- 
TIONS (refer to figure 4) 


PWRO+ and PWRO- are low impedance comple- 
mentary outputs. The voltages at the nodes are: 


Vo at PWRO+ 

Vo at PWRO 

Vo = Vo+ Vo- (total differential response) 

R1 and R2 are a gain setting resistor network with 

the center tap connected to the GSr input. A 

value greater than 10KQ and less than 100KQ for 

Ri + Re is recommended because: 

a) The parallel combination of R1 + R2 and RL 
sets the total loading. 

b) The total capacitance at the GSr input and the 
parallel combination of R1 and R2 define a 


time constant which has to be minimized to 
avoid inaccuracies. 


If VA represents the output voltage without any 
gain setting network connected, you can have: 


M5913 


Vo=AVA 
_ 1+(R1/ Ra) 
where A = 44(R;/ Ro) (Ri / Ro) 


For design purposes, a useful form is Ri/R2 as a 
function of A. 

4A —1 

1-A 


(allowable values for A are those which make 
R1/R2 positive) 


R1/R2= 


Examples are: 


If A= 1 (maximum output), then 
R1/R2 =~ or V(GSr) = Vo; 
i.e., GSrp is tied to PWRO+ 


lf A= 1/2. then 
R1/R2 =2 


If A = 1/4 (minimum output) then 
R1/R2 = 0 or V(GSr) = Vos; 
i.e., GSR is tied to PWRO+ 


DC CHARACTERISTICS (Tamb = 0 to 70°C, Vcc = +5V + 5%, Vap = — 5V + 5%, GRDA = OV,unless oth- 
erwise specified) Typical values are for Temni= = 25°C and nominal power supply values. 


| Symbol | __— Parameters |= TestConditions —|_ Min. | Typ. | Max. | Unit_ 


DIGITAL INTERFACE 


Input Low Voltage, Except CLKSEL 
— Input High Voltage, Except CLKSEL 


Output Low Voltage 


Input Low Voltage, CLKSEL (note 2) 


| Beare. Digital Output Capacitance (note 3 


Notes: 


1. Vin is the voltage on any digital pin. 


| in| Low Level Input Curent | GRDD <Vw<Vu(notet) | | | to 
| im | High Level Input Curent | Vins VisVoo | | tg 
aie? 


S!iGr 


Output High Voltage lon = 9.6mA at Dx 
lon = 1.2mMA at SIGr 


-0.5 
0.5 


ol ee amen CE a a 


Bee SO 
oe eae eee 


ton OE OL 
Ves Ves + V 
0.5 


pn DF 


2. SIGx and DCLKr are TTL level inputs between GRDD and Vcc; they are also pinstraps for mode selection when tied to Ves. 


Under these conditions Vito is the input low voltage requirement. 


3. Timing parameters are guaranteed based ona 100pF load capacitance. 
Up to eight digital outputs may be connected to a common PCM highway without buffering, assuming a board capacitance of 60pF. 
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DC CHARACTERISTICS (continued) 


| Symbol | ————sParameter_ =| =~ TestConditions | ‘Min. | Typ. | Max | Unit | 
POWER DISSIPATION All measurements made at focik = 2.048MHz, outputs unloaded 
| loc: | Voc OperatingCurent = | TC tts—~“‘“‘(‘C;CCC*rTCCC*d:C CS“ | t0,— | mA 
| tse: _| Ves OperatingCurent == | —“‘(C;SC(CdrTChCUCUdE Cl CT | ma 
| loco | Voc PowerDown Current —s—| PONS Vuafteriqus —s| Ss | 40_—| «300 | BA | 
| lego _| Vas PowerDown Current Ss | PON Vu;attertous Ss |_—S—s| 40_—«*|_ 300 | ya | 
| Iccs | Voc Standby Curent | &FSx, FSR<Vusafter30ms | —_—|_ 300 | 600 | pA | 
| leas__| Vee Standby Current ss &FSx, FSa<Viiatter30ms | | 40 | 300 | pA | 
| Por | Operating Power Dissipation =o | SO C—C“‘SC(CdYCCC*T:«S€ | «100 | mw | 
| Poo | PowerDown Dissipation =| PON<Vusafterious = | ~—Ss—s | 04 | 3 | mw | 
| Pst__| Standby PowerDissipation S| FSX, FSa<Vusaftersoms | | 17 | 5 | mw | 
ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE 
| lexi __| Input Leakage Current, VFxl+, VFxl- | -2.17VsVs2t7v_ | | | 100 |_| 
| Rxi__| InputResistance, VFxl4, VFX | C“‘“‘(CSCCL(*C1O SCT CSCidLC Ss 
| Vosxi_| Input Offset Voltage, VFxl+, VFxt_ | C—i‘RSCdT CL 8 | mv 


CMRR_ | Common Mode Rejection, VFxl+, VExl- | -2.17V < Vins 2.17V | | dB 
DC Open Loop Voltage Gain, GSx RL = 10K 5000 {20.000 | | 


| fc | Open Loop UnityGain Bandwidth, @Sx | Tt 
| Voxi_| Output Voltage Swing@sx_ | uztoK et? | | ot |v 


fc 
Load Capacitance, GSx fects Be ee 
| Rix | Minimum Load Resistance, Sx | CidEC tos | S| k 
ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE 
| ora | Output Resistance, PWRO+,PWRO- | CT Tt | 8 
PWRO+, PWRO- 
| Cina _| Load Capacitance, PWRO+PWRO- | CEC | SC 100 |p 


AC CHARACTERISTICS - TRANSMISSION PARAMETERS 


Unless otherwie noted, the analog input is a OdBm0, 1020Hz sine wave. Input amplifier is set for unity 
gain, noninverting. The digital inputs is a PCM bit stream generated by passing a OdBmO, 1020Hz sin 
wave through an ideal encoder. Receive output is measured single ended, maximum gain configuration“. 
All output levels are (sin X)/X corrected. 


[Symbol | __—Parameter_ | Test Conditions | Min. | Typ. | Max. | unit _| 


GAIN AND DYNAMIC RANGE 
EmW Encoder Milliwatt Response Tamb = 25°C, Vea =— 5V, -0.15 | +0.04 | +0.15 | dBmo 
(transmit gain tolerance) Vcc =+5V 
EmWrs | EmW Variation with Temperature and | +5% Supplies, 0 to 70°C -0.12 +0.12 
Supplies Relative to Nominal 
Conditions 
DmW_ | Digital Milliwatt Response Tamb = 25°C ; Vep =— 5V, -0.15 | +0.04 | +0.15 | dBm0o 
receive gain tolerance Voc =+ 5V 
DmW Variation with Temperature and | +5%, 0 to 70°C -0.08 +0.08 
Supplies ; 
OTLPix | Zero Transmission Level Point Referenced to 600Q 
Transmit Channel (OdBm0O) p-law Referenced to 9002 
OTLP2x | Zero Transmission Level Point Referenced to 6000 
Transmit Channel (OdBm0O) A-law Referenced to 900Q 
OTLPir | Zero Receive Level Point Referenced to 600Q 
Receive Channel (OdBm0) u-law Referenced to 900 
OTLPor | Zero Transmission Level Point Referenced to 600 
Transmit Channel (OdBm0)) A-law Referenced to 9000 
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AC CHARACTERISTICS (continued 


[symbol|___— Parameter |_sTestConditions _—_|_Min. | Typ. | Max. | Unit | 


GAIN TRACKING Reference Level = — 10dBm0 
GT1x | Transmit Gain Tracking Error + 3to—40dBm0 + 0.2 dB 
Sinusoidal Input; p-law — 40 to —50dBm0 +0.4 dB 
— 50 to — 55dBm0 + 1.0 dB 
Transmit Gain Tracking Error + 3to—40dBm0 +0.2 dB 
Sinusoidal Input; A-law — 40 to —50dBm0 + 0.4 dB 
— 50 to — 55dBm0 + 1.0 dB 
GT1R Receive Gain Tracking Error + 3to—40dBm0 + 0.2 dB 
Sinusoidal Input; p-law — 40 to — 50dBm0 +0.4 dB 
— 50 to — 55dBm0 +1.0 dB 
GT2rR Receive Gain Tracking Error + 3to—40dBm0 +0.2 dB 
Sinusoidal Input; A-law — 40 to — 50dBm0 +0. 
— 50 to — 55dBm0 
NOISE 
Nxc1__| Transmit Noise, C-message Weighted | VFxl+ =GRDA,VFxI-=GSx | | o | 13  |aBrnco| 
Transmit Noise, C-message VFxl+ = GRDA, VFxl-— = GSx 13 18 dBrnc0d 
Weighted with Eighth Bit Signaling 6 th Frame Signaling 
Nxp Transmit Noise, Psophometrically VFxl+ = GRDA, VFxl- = GSx (note 3) dBrnco 
Weighted 
Nrct Receive Noise, C-message Weighted: | Dr = 11111111 Measure at 1 dBrncod 
Quiet Code PWRO+ 
Receive Noise, C-message Weighted: | Input to Dr is 0 code with 1 10 |dBm0Op 
Sign Bit Toggle Sign Bit Toggle at 1KHz Rate 
Nap Receive Noise, Psophometrically Dr = Lowest Positive Decode — 84 dBOp 
Weighted Level 
Single Frequency NOISEEndtoEnd | CCITT G.712.4.2 —50 | dBmo 
Measurement 


Channel Signal on Supply ; 0 to 
50kHz, Measure at Dx 
PSRRe2 | Ves Power Supply Rejection, Transmit | Idle Channel ; 200mV P-P — 40 
Channel Signal on Supply ; 0 to 
50kHz, Measure at Dx 


PSRR3 | Vcc Power Supply Rejection, Receive | Idle Channel ; 200mV P-P 

Channel Signal on Supply ; Measure 
Narrow Band at PWRO+ 
Single Ended, 0 to 50kHz 


Ves Power Supply, Rejection Receive | Idle Channel ; 200mV P-P 

Channel! Signal on Supply ; Measure 
Narrow Band at PWRO+ 
Single Ended, 0 to 50kHz 


CTtr Crosstalk, Transmit to Receive, VFxl+ = 0dBm0O, 1.02kHz, 
Single Ended Outputs Dr = Lowest Positive Decode 
Level, Measure at PWRO+ 
CTrtT Crosstalk, Receive to Transmit, Dg = 0dBm0O, 1.02kHz, 
Single Ended Outputs VFxl+ = GRDA, Measure at 
Dx 


Notes: 


GT2x 


Nxce2 


PSRRa4 


1. OdBm0 is defined as the zero reference point of the channel under test (OTLP). This corresponds to an analog signal input of 1.064 Vins 
or an output of 1.503 Vimst (uLaw) dual 1.068 Vis or a output 1.516 Vist (A-Law) 


2. Unity gain input amplifier : GSx is connected to VFxl, Signal input VFxl+; Maximum gain output amplifier: GSr is connected to PWRO, 
output to PWRO+. 


3. Noise free: DX PCM Code stable at 01010101. 
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A.C. CHARACTERISTICS (continued) 


| Symbol | _sParameter_ =| = TestConditions | _Min. | Typ. | Max. | Unit _ 


DISTORTION 


SD1x | Transmit Signal to Distortion, p-law 0 < VFxi+ < —30dBm0 
Sinusoidal Input; — 40dBm0 
CCITT G.712-method 2 — 45dBm0 


SD2x | Transmit Signal to Distortion, A-law 0 < VFxl+ <s— 30dBm0 
Sinusoidal Input, — 40dBm0 


CCITT G.712-method 2 — 45dBm0 

SD1R_ | Transmit Signal to Distortion, 0 < VFxI+ <— 30dBm0 
u-law Sinusoidal Input , — 40dBm0 
CCITT G.712-method 2 — 45dBm0 

SD2rR_ | Receive Signal to Distortion, A-law 0 < VFxl+ < — 30dBm0 
iar Sinusoidal Input; — 40dBm0 
CCITT G.712-method 2 — 45dBm0 


Transmit Single Frequency Distortion AT & T Adivisory # 64 (3.8) 
Products OdBmoO Input Signal 
Receive Single Frequency Distortion AT & T Adivisory # 64 (3.8) 
Products OdBm0 Input Signal 
Intermodulation Distortion, CCITT G.712 (7.1) 
End to End Measurement 
Intermodulation Distortion, CCITT G.712 (7.2) 
End to End Measurement 

Spurious Out of Band Signals, CCITT G.712 (6.1) 
End to End Measurement 

Spurious in Band Signals, CCITT G.712 (9) 
End to End Measurement 

Dax Transmit Absolute Delay Fixed Data Rate CLKx = 
2.048MHz, 


OdBm0, 1.02kHz Signal at 
VFxl+ Measure at Dx 


Transmit Differential Envelope Delay f = 500 — 600Hz 

Relative to Dax f = 600 — 1000Hz 
f = 1000 — 2600Hz 
f = 2600 — 2800Hz 

Receive Absolute Delay Fixed data rate, CLKr = 
2.048MHz; 
Digital input is DMW codes. 
Measure at PWRO+ 


Receive Differential Envelope Delay f = 500 — 600Hz 
Relative to Dar f = 600 — 1000Hz 
f = 1000 — 2600Hz 
f = 2600 — 2800Hz 110 
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A.C. CHARACTERISTICS (continued) 


TRANSMIT CHANNEL TRANSFER CHARACTERISTICS 


Input amplifier is set for unity gain, noninverting; maximum gain output. 
[Symbol | —————séParameter = s—sd| ~SSsTestConditions _—_—|_‘Min. | Typ. | Max. | Unit_ 
| Gx __| Gain Relative to Gain at 1.02kHz_ ‘| OdBmOSignalInputatVFxl+ | | | 
fie67Hz CT —“C*ti‘“C*si‘“‘“‘“CS*SSC*dLSCCCd = 30 | 
Ps0Hz——e 28 
feoHz, i —“‘aLSSCSC 23 | 
f2oonez— ee — —“—s‘“‘iLSCSC‘(‘SCS*S*S*S*SC‘(SCC*C*C‘sN:CWw 4,8 | [0.125 | cB 
}300toz000Hz_— i tet—“‘(RTSSC*é‘(‘(YTOOOCOCOC(‘(‘S#N’SC“«‘S C2415] 40.125] GB 
}3300Hz_— (CSC C“(;is*sC*s‘“‘(‘CS*C*dr = 02«'S:—CdLC sd + 0.03 | BL 
WOQOOM2 ao met tient el ee eg ana: | dB | 
AQOOH 2. = sm a ee foo | dB | 
|4600HzandAbove —— as | s—‘“‘CSC;C*SC*C‘isd = | dB 


Figure 5: Transmit Filter 


EXPANDED 
SCALE 


TYPICAL FILTER 
TRANSFER FUNCTION 


GAIN RELATIVE TO GAIN AT TkHz (d8- 


“~~ TYPICAL FILTER 
TRANSFER FUNCTION 


FREQUENCY (Hz) 
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M5913 
A.C. CHARACTERISTICS (continued) 


RECEIVE CHANNEL TRANSFER CHARACTERISTICS 

| Symbol | Parameter | TestConditions 

fbelow200Hz 

Ce ee ae | Senne eae ea 

pSO0ito GOOD = = 

SOON ao a | 
[ee an to 
be oe ed 
eee 


3400Hz 
4000Hz 
4600Hz and Above 


Figure 6: Receive Filter 


EXPANDED 
SCALE 


GAiM RELATIVE TO GAIN AT Thtts (dB) 


Kite 


FREQUENCY tHe} 
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AC CHARACTERISTICS - TIMING PARAMETERS 
[Symbol | Parameter | = Test Conditions | _Min. | Typ. | Max. | Unit | 


CLOCK SECTION 


Clock Rise and Fall Time ite ee el 

TRANSMIT SECTION, FIXED DATA RATE MODE? 
| tozx | DataEnabledonTS Entry Ss] O<Cioan<100pF_—— | | S| 145 | ns 
| tppx | DataDelayfromCLKx ss ( O< Cio <100pF_—— SC] CC] 145 | ons 
| tizx | DataFloatonTSExit =| Crom =0—“‘SOW! (Cr CO CLC 190 | ns | 
| tson | TimeslotXtoEnable =| O<Cionn<100pF_—— | OC] C145 | ns | 
| tsore | TimeslotXtoDisable | Crop =0—S—“t;‘C;SNSC*!;:#«CSO CL COL «(190 _| rns | 
| tesp_ | FrameSyncDelay ss CT tC tC™~—“‘“‘CSCSCSC*C~C~*drSCtSCidLC“C#§$NN’NUMU- 4120:* |g 
| tss |SignalSetupTime ——Cid| CC —“t*‘“;C*S*SC*srSCiCdE ns 
Signal Setup Time Me. pe eee coe Ore ao. ce? ales | 

RECEIVE SECTION, FIXED DATA RATE MODE 
| tosn__| ReceiveDataSetup | —“‘“‘(C;C*C*™C™C*C*C™*C‘*C 
| town | ReceiveDataHold = | —“(‘“‘C!C(*dNSCON | SC 
| tesp | FrameSyncDelay ss CT t—“(‘(‘C;C;CS™™COC*srSCC)'sSsdG;si‘#"CSSCdCS 
| tsch_ |SIGaUpdate tC CTC“‘“(C;CSCOCO;COCCOCOC#*dLC§COUNCS)s ss 

TRANSMIT SECTION, FIXED DATA RATE MODE? 
| trsox__| TimeslotDelayfromDCLKx | tt CC™~—“‘*‘“;C*S*S*C™CSC~*rSCBST sd 80_—*C] sins 
| tesp | FrameSyncDelay CT t—“‘(C;S™CC~Cté~sdE:C#@sSC‘i‘L]ST (§$S sds 4220: [ng 
| toox__| DataDelayfromDCLKx | O<CLOAD<100pF_ —s—“§s | 0 S| S| 100: ns | 
0 < CLoap < 100pF | o | | 50 
Timesiot to Dx Inactive (O<Cioan<100pF_— CU] OC 
| fox | DataClockFrequency ss | —~—“‘“C*CS*C*C*rTCHC‘iLSsi(‘(Cisdzr 
ttspx = 80ns ee | ns_| 

RECEIVE SECTION, FIXED DATA RATE MODE 
| trson_| TimeslotDelayfromDCLKn_ ss | —“‘“(C‘(;*™CC(*dSC8OC*dSSCC“‘#ECSCN’S#NCB€)._—*C_ ng: 
| trso | FrameSyncDelay tC‘ t—“‘“CS;S™S™;C;C;C;*dNSCOC)SCdCG:“C“ (‘S$’’NSWNNSs 42200 'T[_ ns: 
| tosa | ReceiveDataSetupTime ss |  t—“‘“‘C;S™C™C*dSCM4O)C#S;éa‘##SN’N [_—sdZ[nss | 
| tonn | ReceiveDataHoldTime  —=ss—s || CS C—“*‘“‘CS#SC;*d CCST CT Cds ss 
| ton | DataClockFrequency ss | —t—“‘C;C*™*™*;*™*;*~*dYSCOC4:«SC@L:CSCSs 2048" | kz 
Timeslot End Receive Time Pt ee ee BO 

64KB OPERATION, VARIABLE DATA RATE MODE 

Downtime remainder of frame 
tFSLR Receive Frame Sync Miniumum FSris TTL high for ee we. ee 
Downtime remainder of frame 

| tocix | DataClockPulseWidth = | —“‘“S*™*C*™*C*dLSCtsCiadSC“‘$EN sd] 


Notes: 
1. Devices are available wich operate at data rates up to 4.096MHz; the minimum data clock pulse width for these devices is 110ns 


2. Timing parameters tozx, tuzx, and tsorr are referenced to a high impedance state. 
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WAVEFORMS: 
Fixed Data Rate Timing - Transmit Timing 


TIMESLOT 


FS 
NON SIGNALING 
FRAMES 


FSy 
SIGNALING 
FRAMES 
TIMESLOT 


DON'T CARE f ovwu DONT CARE 


NOTE: All timing parameters referenced to Vm and Vi. except tozx, tsorr and tuzx which reference a high impedance state. 


Receive Timing 


TIMESLOT 


FSA 
NON SIGNALING 
FRAMES 


FS 
SIGNALING 
FRAMES 
TIMESLOT 


Or 
STABLE 


NOTE: All timing parameters referenced to Vin and Vit 
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VARIABLE DATA RATE TIMING 


AC Timing Input, Output Waveform 


2.0~ test 7 © 
oat POINTS 9 


S-7594 
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M34116 
PCM CONFERENCE CALL 


AND TONE GENERATION CIRCUIT 


HW AND SW COMPATIBLE WITH M116 
1 TO 64 SERIAL CHANNELS PER FRAME 
(CONTROLLED BY SYNC SIGNAL PERIOD) 
e 29 MAXIMUM CONFERENCES 
» 17064 SERIAL CHANNELS PER CONFER- 
ENCES 
a 3 SIMULTANEOUS OPERATION MODES 
AVAILABLE: 
CONFERENCE, TRANSPARENT AND TONE 
GENERATION 
a TYPICAL BIT RATES: 
1536/1544/2048/4096 Kbits/s 
=» COMPATIBLE WITH ALL KINDS OF PCM 
FORMAT 
=» wt AND ALAW (PIN PROGRAMMABLE) 
x EQUAL PRIORITY TO EVERY CHANNEL 
e» ONE FRAME AND ONE CHANNEL DELAY 
FROM SENDING TO RECEIVING 
es OVERFLOW INFORMATION FOR EACH CON- 
FERENCE BY PIN OS (OVERFLOW SIGNAL- 
LING) AND ON DATA BUS ON MPU RE- 
QUEST 
a INSTRUCTION SET COMPATIBLE WITH M3488 
» PROGRAMMABLE INPUT AND OUTPUT AT- 
TENUATION OR GAIN FROM 0 TO 15dB 
WITH STEP OF 1dB FOR EACH CHANNEL 
e TONE GENERATION FROM 3.9Hz TO 
3938Hz WITH MIN. STEP OF 3.9Hz 
= TOTAL OF 7 DIFFERENT TONE OUTPUTS 
IN PARALLEL PROGRAMMABLE VIA MPU 
(MAXIMUM 4 DIFFERENT FREQUENCIES 
AND DURATIONS) 
=» 1 MELODY OF MAXIMUM 32 PROGRAMMA- 
BLE FREQUENCIES AND DURATIONS 
a 5V POWER SUPPLY 
a TIL COMPATIBLE INPUT LEVELS, 
CMOS/TTL COMPATIBLE OUTPUT LEVELS 
a MAIN INSTRUCTIONS CONTROLLED BY MI- 
CROPROCESSOR INTERFACE: 
— Channel connection to a conference 
— Channel attenuation or gain 
— Channel disconnection from both conference 
and transparent modes 
— Tone and melody generation 
— Overflow status 
— Operating mode 
— Channel status 


January 1995 


PRELIMINARY DATA 


ORDERING NUMBER: M34116B1 


PLCC28 
ORDERING NUMBER: M34116C1 


DESCRIPTION 


The M341 16 is a product specifically designed for 
applications in PCM digital exchanges. It is able 
to handle up to 64 channels in any conferences 
combination from 1 to 29 conferences in parallel 
and to generate seven different tones and one 
melody. 


The parties in a conference must previously be al- 
located through the Digital Switching Matrix 
(M3488) in a single serial wire at M34116 PCM 
input (IN PCM pin). 

The M34116 is full pin and function compatible 
with the M116. In addition, it has the capability to 
generate tone directly coded in PCM. 


For the conference function, each channel is con- 
verted inside the chip from PCM law to linear law 
(14 bits). Then it is added to its conference, and 
the sample of the previous frame is subtracted 
from the conference. 

In this way a new conference sum signal is gener- 
ated. 

The channel output signal will contain the infor- 
mation of all the other channels in its conference 
except its own. 


After the PCM encoding, the data is serialized by 
the M34116 in the same sequence as the PCM 
input frame, with one frame (plus one channel) 
delay and will be reallocated by the DSM (M3488) 
at the final channel and bus position. 


A programmable attenuation or gain can be set 
on each channel and for every function: confer- 
ence, tone generation and transparent mode. 
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PIN CONNECTIONS (Top view) 


4 
2 
3 
4 
5 
6 
? 
8 
9 


M9241 16-84 


DIP24 


ABSOLUTE MAXIMUM RATINGS 


[symbol | Parameter 

Supply Voltage 
Input Voltage 
Off State Output Voltage 
Total Power Dissipation 
Storage Temperature 
Operating Temperature 


Stresses above those listed under "Absolute Maximum Ratings” may causes permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


Figure 1: PCM Conference Call Insertion Scheme 


CONFERENCE 
CALL CIRCUIT 
M34116 


N92N34116-83A 
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PIN DESCRIPTION 


CMe mes 


M116 operating mode only. Tone Duration input pin. When TD = 1, a PCM coded tone 
(instead_of PCM data) is sent out to all channels enabled by the IT bit. TD is latched by 
the SYNC signal so that all channels have the same tone during the same number of 
frames. TD = 0 for normal operation. 
M116 operating mode only. Tone Frequency input pin. When TF = 1, the tone amplitude 
is high. When TF = 0, the tone amplitude is low. TF is latched by SYNC. The PCM coded 
tone level corresponds to 1/10 of the full scale. For M34116 operating mode: Melody 
waveform select input pin. When TF = 1, the PCM output of the melody represents a 
square wave. When TF = 0, it represents a sine wave. In both cases, the rms level is the 
same and is equal to — 6 dBm0 if no attenuation or gain i 


3 RESET | Master reset input pin. This pin is active low and must be used at the very beginning after 
power up to initialize the device or when switching from A law to Mu law. The Internal 
initialization routine takes 2 time frames starting from the rising edge of RESET. During 
this initialization time, all data bus and PCM output are pulled to a high impedance state. 

4 OS |Overflow Signalling output pin. When OS = 0 one conference is in overflow. This signal is 
anticipated over half time slot with respect to the output channel involved in the conference in 
overflow. Example: if output channel 4 is one of the parties of one conference in 
overflow, OS = 0 during the second half of the time slot corresponding to output channel 3 
and during the first half of the time slot corresponding put channel 4. 

5 


OUT {PCM output pin. The bit rate is 4096Kbits/s max. The sign bit is the first bit of the serial 
PCM_ |sequence. The first bit of the first channel is found at the rising edge of the CLOCK signal 
preceding the rising edge of the SYNC signal. The output buffer is open drain to allow for 


multiple connections. 
6 to 13 re DO to 
9 to 11, D7 
13 to 16 


Bidirectional Data bus pins. Data and instructions are transferred to_or from the 


microprocessor. DO is the Least Significant Bit. The bus is tristate when RESET is low 
cS 


and/or CS is high. 
Le ee 


+5V Supply input. 100nF decoupling capacitor recommended. 


Control Data input pin. In a write operation C/D = 0 qualifies any bus content as data 
while C/D = 1 qualifies it as an opcode. For M116 operating mode only: in a_read 
operation, the overflow information of the first eight conferences is selected by C/D = 0, 
the overflow of the last two conferences and the status by C/D = 1. 


Chip Select input pin. When CS = 0, data and instructions can be transferred to or from 
the external microprocessor and when CS = 1 the data bus is in tristate. 


Read control input pin. When RD = 0, read operation is performed. When match 
conditions for the opcode exists, data is transferred to the external microprocessor on the 


Write control input pin. Instructions and opcode from the external microprocessor are 
latched on the rising edge of WR. 

ia eal Synchronization input pin. The rising edge of CLOCK preceding the rising edge of SYNC 
on eespor to the first bit of the first channel except for PCM frame of 1544Kbits/s. In 
this case, it corresponds to the Extra bit (193th). 


el Master Clock input pin. Typ. operating Frequencies are: 

3.072MHz for 24 PCM channels frame (192 bit/frame) 

3.088MHz for 24 PCM channels frame with extra bit (193 bit/frame) 

4.096MHz for 32 PCM channels frame (256 bit/frame) 

8.192MHz for 64 PCM channels frame (512 bit/frame) 

Both M34116 an M116 operating modes are possible up to 4.096MHz. 
At 8.192MHz only M34116 operating mode is possible. 
External Clock output pin. This pin provides the master clock for the Digital Switching 
Matrix (M3488). Normally it is the same signal as applied to the CLOCK input (pin 20). 
clock are canceled in order to allow the operation of the M34116 and the DSM with PCM 
frame with Extra bit (e.g. 193 bit/frame with PCM 1/O of 1544Kbits/s). 

IN PCM |PCM input pin. The max bit rate is 4096Kbits/s. The first bit of the first cahnnel is found at 
the second rising edge of the CLOCK signal following the rising edge of the SYNC signal. 
lf Extra bit is selected, then the first bit is shifted by two CLOCK periods. 

brane A Law or MU Law select pin. When A/MU = 1, A Lawis selected. When A/MU = 0, MU Lawis 
selected. The law selection must be done before initializing the device using the RESET pi 


When the Extra bit is selected with the instruction 5, the first two periods of the master 
Ground. 
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RECOMMENDED OPERATING CONDITIONS 


| Symbol | = —CéParameter = 

Supply Voltage 4.75 to 5.25 V 

Input Voltage 0 to 5.25 

Off State Output Voltage 0 to 5.25 
Top 


CLOCK Freq. | Input Clock Frequency 3.072/3.088 MHz 
4.096 / 8.192 (* MHz 


SYNC Frea Input Synchronization Frequenc a: ne KHz 
een Operating Temperature 0 to 70 


CAPACITANCES (measurements frequency = 1MHz; 0 to 70°C; unused pins tied to Vss) 


| Symbol | Parameter | Pin (*) | Min. | Typ. | Max. | Unit 
| Ci | Input Capacitance | 103; 15t020; 220028 | | | 
VO Capacitance 

| Co | Output Capacitance | 4, 5, 21 


Co 


ELECTRICAL CHARACTERISTICS (Tamb = 0 to 70°C, Vcc = 5V + 5%) 
All DC characteristic are valid 250us after Vcc and clock have been applied. 


|_TestCondition _|_Min. | Typ. | Max. | Unit _| 


Vit Input Low Level 1 to3 -0.3 +0.8 V 
15 to 20 
22 to 23 

Vin Input High Level 1to3 2.0 Vcc V 
15 to 20 
22 to 23 


Negative Threshold 6 to 13 (***) | Voc = 5V 1.1 V 
Voltage 

VT+ Positive Threshold 6 to 13 (***) | Vcc =5V 1.5 1.7 2 V 
Voltage 


[Hysteresis 61013") | Voo=sv_ | | os | 
| Vo. | OutputLowLevel _(4,6t013,21| ln=amaA | | | 
lon = 1mA Vooo4] | tv 


ae 
are 
ae ees 


Input Leakage Current 


Data Bus Leakage 6to13 | Vin=Oto Vcc 
Current CS = Vcc 
Supply Current Clock Freq. = 4.096MHz 


(*) Only in M34116 Operating Mode. 
("*) Pin numbers referred to the DIP24. 
(***) Schimitt-trigger inputs. 
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ELECTRICAL CHARACTERISTICS (Tamb = 0 to 70°C, Vcc = 5V+5%) | 
All DC characteristic are valid 250us after Vcc and clock have been applied. CL is the max. capacitive 
load and Ri the test pull up resistor. 


[Sianal_| Symbol | __Parameter___| _TestConaition _{ in. | Typ. {| Max. |_Unit_ 


Clock Period 230 
Clock Low Level Width 100 = 
Clock High Level Width 100 ns 


Rise Time 
Fall Time 


25 ns 
Clock Period 
Clock Low Level Width 
Clock High Level Width 
Rise Time 


120 ns 
50 
50 

Fall Time 

Low Level Set-up Time See note 1 

Low Level Hold Time 

High Level Set-up Time 

High Level Width 


PCM ts Set-up Time 
Input tH Hold Time 


25 ns 


tPD min Propagation Time Low CL. =50pF Ri = 1KQ 
Level referred to CK 
tpD max Propagation Time High 


level Referred to CK 


Low Level Set-up Time 
Low Level Hold Time 

High Level Set-up Time 
High Level Width 


Low Level Width 

High Level Width 
Repetition interval 
between active pulses. 
High Level st-up time to 
active read strobe. 
High Level hold time to 
active read strobe. 

Rise Time 

Fall Time 


Low Level Width 

High Level Width 
Repetition interval 
between active pulses. 
High Level st-up time to 
active read strobe. 

High Level hold time to 
active read strobe. 

Rise Time 

Fall Time 


note 3 and 4 
1. With Extra Bit operating mode tnsert this time becomes 3 tck. 


2. With Extra Bit operating mode insert these times are 80ns longer. 

3. With OPCODE (C/D = 1), this tme becomes 4tck (6tck if E = 1). E: extra bit indication in “operating mode” instruction. 

4. For tone generation instruction, this time becomes 4tck (6tck if E = 1) E: extra bit indication in “operating mode” instruction. 

5. With extra bit operating mode insert, this time becomes 6tck 

6. The initiahzation routine takes 2 frames time starting from the rising edge of RESET - Any access to the device should take place after the 
initialization routine is completed. (2 frames time) 


Notes: 
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ELECTRICAL CHARACTERISTICS (continued) 


Signal |_Symbol_| ___Parameter_|__TestConcition _| Min. | Typ. {| Max. | Unit _ 


cs tsL(cs-wr) | Low level set-up time Active Case tH 
RD rising 


to WR falling edge. 
tsic/o-wa) | Set-up time to write strobe 130 
‘ end. 
tHc/p-wr) | Hold time from write 25 
a strobe end. 
ts(c/D-RD) | Set-up time to read strobe 20 
____| start. 
tH(c/o-RD) +| Hold time from read 
strobe end. 


tHL (CS-WR) Active Case 


tSH (CS-WR) Inactive Case 


tHH (CS-WR) Inactive Case 


Low level set-up time Active Case 
to RD falling edge. 

Low Level hold time from 
RD rising edge. 

High level set-up time to 
RD falling edge. 


High level hold time from 
dge. 


ts (CS-RD) 


tHL (CS-RD) Active Case 


tSH (CS-RD) Inactive Case 


tHH (CS-RD) Inactive Case 


Low Level hold time from 
WR rising edge. 
High level set-up time to 
rising edge of CK. 
tPD(EC) Propagation time referred | C. = 50pF aie 
to CK edges. 
Hold Time 40 


WR falling edge. 
DO to D7 = Input set-up time to write 
CL = 200pF 


High level hold time from 
(interface strobe end. 
2.0~ te ST 0 
0 gx POINTS, 8 


WR rising edge. 
bus) 
S-7594 


Input hold time from write 
strobe end. 


tH(BUS-WR) 


Propagation time from 
(active) falling edge of 
read strobe. 


tpp(BUS) 


Propagation time from 
(active) rising edge of 
read strobe to high 

impedance state. 


tHz(BUS) 


A.C. TESTING, OUTPUT WAVEFORM 


A.C. testing inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0", timing 
measurement are made at 2.0V for a logic "1" and 0.8V for a logic "0". 
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Figure 2: Insertion Schema of M34116 in a 480 x 480 Non-Blocking Digital Switching Matrix 


INPUT 
BUSSES 
B-7 


INPUT 
BUSSES 
8-14 


OUTPUT OUTPUT 
MI2ZMI4IAE-B4A BUSSES 8-7 BUSSES 8-14 


Figure 3: Block Diagram 


EC RESET OS AMU CS WR C/D_ RD 
8 C) e e C) C) 8 
C) 
TIMING MPU INTERFACE 
SYNC 
( ) : 


(nae TONE 


ae to 
| LOG LIN a | CONTROL 


OUT PCM 


D94TL130 
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CIRCUIT DESCRIPTION 
ALGORITHMS 


¢ Conference. For each channel, the PCM signal 
coming in is added to its conference and the 
PCM signal of the previous frame is subtracted 
to its conference before being sent out. The 
output signal contains only the data of all the 
other channels in its conference except its 
own. 


¢ Tone. A fourth of a sine wave equivalent to 
3.9Hz (8KHz/2048) is stored in a ROM which is 
read at multiple of the step (modulus 512) 
equivalent to the specified frequency. This step 
is used until the duration is reached then a 
new step will be used according to the speci- 
fied sequence. 


¢ Attenuation gain. The PCM signal is converted 
to logarithmic of the equivalent linear and then 
added or subtracted to the specified level. It is 
then raised to the power of 10 to be converted 
back to linear. 


ARCHITECTURE 


The basic time slot (16 periods of the master 
clock) is divided in four different parts that per- 
form four different operations (also refer to Fig. 2 
block diagram): 


# input processing: attenuation or gain of input 
PCM according to the algorithm mentioned 
earlier. The serial PCM signal coming in is 
loaded as 8 bits parallel and converted to loga- 
rithmic of the linear (through the PCM to LOG 
LIN block). It is then added to the attenuation 
or gain levels (also in logarithmic) stored in the 
MPU interface, the result is raised to the power 
of 10 (through the POWER 10 block) to be 
converted back to linear and written in the 
FRAME RAM. 


# conference addition: the above PCM signal, 
amplified or attenuated and converted in linear, 
is added to the conference and the result is 
stored in the conference RAM (block CONF 
RAM). 


# conference subtraction: the signal stored in the 
FRAME RAM during the previous frame is Sub- 
tracted to the conference and the result is 
stored in the conference RAM. 


# output processing: attenuation or gain of the 
PCM to be sent out. The result of the above 
substraction is converted to PCM (through the 
block LIN to PCM) and to logarithmic (through 
the block PCM to LOG LIN), added to the at- 
tenuation or gain level stored in the MPU inter- 
face, converted to linear (through the block 
POWER 10) and then to PCM (through the 
block LIN to PCM). The resulting 8 bits are 
then shifted out serially. 


lf a channel is in conference, then all the four 
above operations are applied. If it is in transpar- 
ent mode, then only the first and last operations 
are applied. For tone generation, the two first op- 
erations are not used. During the third part, the 
tone ROM is read. Since the ROM data is in lin- 
ear it can therefore be applied to the fourth opera- 
tion for output processing. 


By default, after reset, the M34116 has the func- 
tionality and the instruction set of the M116. With 
a new operating mode instruction, the user can 
select the functionality of the M34116 with its new 
instruction set. The instruction set includes: 


operating mode: the user can choose either the 
M116 mode or the M34116 mode, the PCM 
byte format (no bit inverted, even bit inverted, 
odd bit inverted or all bit inverted) and the 
presence or not of the extra bit. 


0 conference connection: the user specifies which 
channel to be connected to which conference 
with the attenuation or gain levels to be applied 
to the PCM signal coming in and/or sent out. 


> transparent connection: the user specifies which 
channel to be connected in transparent mode 
(bypass mode) with the attenuation or gain lev- 
els to be applied to the PCM signal coming in 
and/or sent out. 


® tone generation: the user specifies to which 
channel the tone must be sent out with the at- 
tenuation or gain levels and the tone se- 
quence. The sequence is composed of maxi- 
mum 4 pairs of frequency-duration for tone and 
maximum 32 pairs of frequency-duration for 
melody. The frequency range is 3.9Hz to 
3938Hz and the duration range is from 32ms 
to 8610ms. The user can specify either all of 
the pairs or finish the sequence with the byte 
hex FF. The M34116 will loop the specified se- 
quence endlessly or until the channel is dis- 
connected. The melody could be either a sine 
or square wave (pin programmable). 


channel disconnection: the user specifies which 
channel to be disconnected. A disconnected 
channel can be reconnected only after a mini- 
mum of one frame time. 


0 overflow status. The user specifies which of the 
4 banks of 8 conferences to be monitored and 
the M34116 will send the status byte at the 
read operation. 


® channel status. The user specifies the channel 
number and the M34116 will send out the 
status bytes at the read operation. These bytes 
include: conference number or transparent 
mode or tone or no connection, input attenu- 
ation or gain levels, output attenuation or gain 
levels. If the channel is in the tone mode, the 
tone sequence of frequency and duration will 
also be sent out. 
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INSTRUCTION SET 
OPERATING MODES 
Two different operating mode istructions are available: 


M116 Operating Mode: 
Sending this operating mode instruction, the device functionality is the same as M116 and M116 instruc- 
tion set is selected (refer to the following M116 instruction set for further details). 


Pee [ee [we | or [oe bs | os | pz | pi | po | 


¢ E = 1 extra bit Default values after reset: 
“Fi—FO= O0no bit inverted E=0 F1—FO=11 if MU Law 
01 even bit inverted Fi- FQ = 01 if A Law 
10 odd bit inverted 
11 all bit inverted 


M34116 Operating Mode: 
Sending this operating mode instruction, the M34116 instruction set and functionality are selected 


Pes [om | co [wm [or [oe [os [oe oa Toe [on [oo 


*E = 1 extra bit Note: 


‘ m8 Upon reset M116 instruction set is automatically 

*FI-FO= 00 no bit inverted selected. To switch from the M116 instruction set 
01 even bit inverted the above M34116 operating mode instruction is 
10 odd bit inverted necessary. The operating mode instruction, when 
11 all bit inverted necessary, must be sent just after reset. 


M34116 INSTRUCTION SET. 


INSTRUCTION 1:M34116 CHANNEL CONNECTION IN CONFERENCE MODE 
Five bytes are needed: 


Data Bus 

Ces ao | co [wa | oy [pe [es [| ne pe 
ee 
ee Oe Oe ae A A |e 


pio | 1 | o | o | x | x | x | aos | aoa | aoe | aor | Aco 
a a a a a Fa a ce ee 
PO J ir 9 eh ee 


* S: Start bit + PT: Phase toggle conference 
P , , “+ P4—PO: Conference number (1-29) 
% nen a attenuation or gain (415dB) “+ C5-CO: Channel number (0-63) 
Al4 2 0 attenuation When S = 1 the conference register is cleared. _.. 
AI3—AIO value in dB (0-15) S = 1 can be used only when connecting the first 
» Ol4-AO0: havens F in (4150B channel to a new conference. 
od caput attenuation or gain (<150E) When PT = 1 the sign of the PCM samples is 
AO4 7 0 Secaaiee changed before they are put in conference. This 
AO3 AQO lue in dB (0-15 corresponds to a phase shift of 180° and may be 
= value in dB (0-15) used to reduce the electrical echo. 
Note: Unspecified Data Bus can be either 0’s or 1’s 
Kay SGS-THOMSon 
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M34116 INSTRUCTION SET (continued) 


INSTRUCTION 2: M34116 CHANNEL CONNECTION IN TRANSPARENT MODE 
Four bytes are needed: 


| cs | pmpD | cD | wr | p7 | pe | ps | ps | ps | v2 | oi | bo | 
po | + | o | o | x | x | x | ae | a | ae | an | Ao | 


of 1 fo | o | x }_x_}_x___sos {aoa _|_A02 1_Ao1 | A00_ 


¢ Al4—Al0: Input attenuation or gain (+15dB) ¢» AO4-AO0: output attenuation or gain (+15dB) 
Al4 = 1 gain AQ4=1 gain 
Al4 =0 attenuation AQ4=0 attenuation 
AI3-Al0 value in dB (0-15) AOQ3-AO0 value in dB (0—15) 


“* C5—CO0: Channel number (0-63) 


INSTRUCTION 3: M34116 CHANNEL DISCONNECTION 

This instruction is necessary to disconnect a party from a conference, to end a transparent mode con- 
nection or to end a tone generation. 

Two bytes are needed (same format as M116): 


Data Bus 

| cs | Rp | cp | wR | b7 | de | ps5 | pa | ps | p2 | pt | bdo 
fenOre | tee OA sik 20) Mee eRe obs 1) 2d le Sear || 1@2> wet) | 7 C2) 
Ra Tea (a Da FS a a ee 
# C5—CO: Channel number (0-63) 

One time frame must exist between disconnection and connection of the same channel. 


INSTRUCTION 4: M34116 OVERFLOW INFORMATION 
Single byte instruction: 


Data Bus 
Cao | co | wa | oy | pe] pe [pe | op [me [| po 
ee DS = 


6S 2 
ees ee a 
¢* B1—-BO: Bank Selection (0-3) 


Conference overflow information is sent out, after this instruction, in the data bus (D7-D0) when RD 
goes low according to the Bank selection value: 


; Bank 
Control Signal Conference Number 


cs | RD | cd | wR | 51 | Bo | oz | be | os | pa | ps | be | ot | bo | 

a a a ee Da ae ee 
ojo fo} 4 fo f+ fe fa fg te ff to fe fe 
Fe eae a DCR Sm WF Oe 
po fo fo fl Pt ft | x | x | eo | ew [le [26 | os | | 
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M34116 INSTRUCTION SET (continued) 
INSTRUCTION 5: M34116 TONE GENERATION 


Up to 7 Tone and 1 Melody channels may be active simultaneously. The instruction format for Tone and 
Melody is the same. For each Tone channel from 1 up to 4 couples of Step/Time may be specified while 
for the Melody channel from 1 up to 32 couples of Step/Time may be specified. 
Note: 
The Melody channel can be channel 0 or 8 or 16 or 24 etc. according to the following formula: 

Melody channel number = 0 + 8x n(n =O, 1, 2, 3, 4, 5, 6, 7) 
The Tone channel assignment follows the same rule: 

Tone 1 channel number = 1 +8xn (n=O, 1, 2, 3, 4, 5, 6, 7) 

Tone 2 channel number = 2 +8xn (n=O, 1, 2, 3, 4, 5, 6, 7) 

Tone 7 channel number = 7 +8xn (n=O, 1, 2, 3, 4, 5, 6, 7) 


This means that, selecting the tone 1 on the channel 9 (or and other one of its series), the channels 1, 
17, 25.... can not be used for tones (or melody). The same is occuring for the tones 2...7 or the melody. 


Control Signal 
| cs | Rp | cp | wR | pz | pe | ps | pa | ps | p2_ | pi | po | 
| oo | 41 hf vol Uh} lol hPLC | AB | AO? | AOA | ACO | 
Lee BO of = OO Oa |e ee Cr Co 


a ee le ed Os eel 
= ee ee ee ee ee ee ee ee ee ee eee ee ee 
| Oo | 6 hd} lo Ud} 7 | Tig | 15 | 14 | 13 | 12 | T1110 
| o {| i { o | o | sa7_| s26_| s25_| S24 | S23 | S22 | sai | s20 | 
[EO 0) Oe ole I Of 25 hed) 28 22s | rei 208 || 

a a (me ane a Se ea a ee ee ee a ee ee ee 


a a a a (a ee 


«+ AO4—AO0: Output attenuation or gain (415dB) AO4 = 1 gain, AO4 = 0 attenuation, 
AQ3-AO0 value in dB (0-15) 
OdB attenuation or gain correspond to -6dBm0 level. 


¢* C5—C0: Channel number (0-63) 


«» Sn7—Sn0: Frequency Step for the n-th note in the tone sequence (n = 1+4 for tone n = 1-32 for 
melody). Step is a compressed coding of the 7 value. Given a frequency value f the value of 
S7—S0 can be calculated as follow: 

) 


1) calculate the linear step SL = round ( fx 
2) apply the following table to get S7-SO value 5) SL value (see also Appendix 1A and 1B). 


7 7 Linear Step SL value 7 = SL decimal Ser! Hz 


0 0 S5 S4 S2 S1 S0 (1-64) (*) 
0 0 1 $5 $4 = S2 S1 SO | (65—>127) (**) 
0 1 $5 $4 S3 S2 $1 SO 0 (128-—>254) 


1 $5 $4 $3 
So 34 $3 $2 


(*) For tone 7 only; (**) For melody and tone 1-6 
Note: to obtain a Pause (Silence) -> S7—SO must be all 0’s 


«» End code: if Less than 4 couples of Step/Time for tone or less than 32 for melody are to be specified 
then after the last couple of Step/Time a Step of all 1’s (optional end code) must be sent before the 
opcode. Otherwise it must be skipped. 


¢ Tn7—-Tn0: Specify the duration of the n’th note or pause. The time increment is 32ms. To get T7—T0 
value, divide the wanted duration in ms by 32 and round to integer. 


Note: The minimum time between rising edges of successive WR for tone generation instruction is 4ck 
periods (6ck periods if EC = 1). 


(256—>508) 
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M34116 INSTRUCTION SET (continued) 


INSTRUCTION 6: M34116 STATUS 
The Status instruction can be used to read the contents of the instruction register and of the tone and 
melody registers. 


Two byte are needed: 


Control Signal 


“+ C5—CO: Channel number (0-63) 


After sending this instruction a variable number of Read can be sent depending on the type of operation 
that performs the channel (conference, transparent, tone, or melody). The first 3 Read, common fo all 
type of operation, will send on the Data Bus the following data relative to the channel (C5—C0): 


Data Bus 

| cs | RD | cD | wr | p7 | pe | ps | ps | ps | p2 | pi | po | 
eee ee ee ae aa a eee ae 
ae NO a a | Ae CA | A] 


AOQ3 AQ2 AOQ1 


po fo f of tt ff oa | aos | oz | Aor 


Note: 

P4—PO = 0 means that the channel is disconnected so any following data read is meaningless. 
P4—PO = 1 to 29 is the conference number. 

P4—P0 = 30 means that the channel operation is Tone or Melody. 

P4—P0 = 31 means that the channel operation is transparent connection. 


If the channel operation is Tone or Melody (P4 — PO = 30) then the subsequent Read will send on the 
Data Bus the couples of Step/Time: 


Notes: 
—Tone and Melody status reading ends if an all 1’s Step value is found, otherwise the reading is cyclic. 


—The minimum time from the rising edge of the WR (with opcode) to the falling edge of first RD is 4clock 
periods (6clock periods if E = 1) unless the selected channel has been disconnected. In this case, one 
time frame must exist between the disconnect command and the read status command. The RD period 
is minimum 4clock periods (6clock periods if E = 1). 


— for both modes (M34116 and M116) the minimum time between two successive rising edges of the 
WR with opcode (C/D = 1) is 4clock periods (6clock periods if E = 1). 
E: Extra bit indication in “Operating mode" instruction. 
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M116 INSTRUCTION SET 
INSTRUCTION 1: CHANNEL CONNECTION IN CONFERENCE MODE 
Three byte are needed: 


1)The first byte contains the conference number (bits DO—D3) and the Start bit S (bit D4). When S = 1, all 
registers of the conference will be cleared. S = 1 is only required in the instruction 1 set of the first 
channel connected to a new conference. 


2)The second byte contains in the bits (DO—-D4) the number of the channel to be connected and the In- 
sert Tone Enable bit IT (D5). When bit IT = 1 all the channels belonging to that conference are en- 
abled using insert tone function if it’s active (TD = 1). 

3) The third byte contains information about the attenuation level to be applied to that channel and the 
opcode (0111). 


Instruction 1 Format 


S: Conference Start bit 

P3—P0: Conference number (1-10) 

IT: Insertion Tone function enable (IT = 1) 
C4—C0: Channel number (0-31) 

A1—A0: Channel attenuation 


00 =-—0dB 
01 =-—3dB 
10 =— 6dB 


INSTRUCTION 2: CHANNEL CONNECTION IN TRANSPARENT MODE 
Two bytes are needed: 
1) The first byte contains the number of the channel. 


2) The second byte contains information about the attenuation level to be applied to that channel and the 
opcode (0011). 


PCM data of this channel is not added to any conference and it is transferred to the PCM output. It is not 
affected by the tone control pins. 


Instruction 2 Format 


| cs | RD | cp | wr | o7 | pe | ps | ps | ps | v2 | pi | po | 
Oe A Oe Oe ea Fes. ee er) co] 
fess Secor lees ge NO pe Osa teat eee ee eed he ed 


INSTRUCTION 3: CHANNEL DISCONNECTION 
Two bytes are needed: 


1) The first word contains the number of the channel to be disconnected. 

2) The second word contains the opcode (1111). 

One time frame must exist between disconnection and connection of the same channel. 
Instruction 3 Format 


| cs | pp | cp | wr | o7 | oe | vs | ps | ps | p2 | mt | do 
La a a em a ee 
Tae ee ae ee ee ee 
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M116 INSTRUCTION SET (continued) 
INSTRUCTION 4: OVERFLOW INFORMATION 


Two bytes are needed to know the status of all 10 conferences: C/D = 0 reads the first byte (first 8 con- 
ferences) and C/D = 1 reads the second byte (the last 2 conferences). A conference is in overflow when 
the corresponding bit is high. 


Instruction 4 Format 


Data Bus 
Cap | cb | wa | oy 


| pe | ps | pa | pa 
a ae a 
Oe ie Oe I het Ee le eS 


CF10 — CF 1: Conference in overflow when = 
nb: as long as RD remains low, the overflow status of the conference selected by C/D can be monitored 
in real time. 


INSTRUCTION 5: OPERATING MODE 


The single byte needed contains the Extra bit (D6), the format bits F1-FO (D5—D4) and the opcode 
(0101). 

The E bit must be E = 1 when the PCM frame contains a number of bit multiple of eight plus on bit (ex. 
PCM frame at 1544Kbit/s). Normally E = 0. The bits Fi-FO select the kinds of PCM format byte accord- 
ing table 1. After Reset the default values corresponds to F1 = 0, FO = 1 if A-law is selected and Fi = 1, 
FO = 1 if Mu-law is selected. All channels must be disconnected when the Operating Mode Instruction is 
sent. They must remain disconnected for at least two time frames after_the instruction was sent. 


We recommende to use this instruction right after the RESET (see pin RESET decription). 
Instruction 5 Format 


oe 


E: Extra bit insertion an when E = . 
Fi — FO: PCM byte Format selection (see also table 1) 
00 = no bit inverted 
01 = even bit (BO—B2—B4—B6) inverted 
10 = odd bit (B1—B3-B5) inverted 
11 = all bit (BO-B1-B2—-B3—B4—B5-—B6) inverted 


INSTRUCTION 6: STATUS 

Three bytes are needed: 

1) The first byte contains the number of the channel; 

2) The second byte contains the opcode (0110); 

3) By a reding cycle you extract from the third byte the information about the operating mode of the 
channel (no connection or transparent mode or number of the conference, bits D4—D7); the attenuation 
(D2—D3) and noise suppression values (DO—D1) eventually inserted. 

This reading cycle must be executed at least one frame after the end of the opcode writing cycle. 


Instruction 6 Format 
| RD | | D6 | | ba | o3 | p2 


P3-PO0: channel mode operation information P3—P0 give the number of the conferenc 
0000 = no connection nb: the instruction 6 enables the dat_bus to read 
1111 = transparent mode the status until reset by C/D = 0 and WR = 1. 


1010 — 0001 = conference mode 
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Table 1 : PCM Byte Format. B7 (sign-bit) is the MSB and BO is the LSB. F1—F0 corresponds to D5—D4 
in the byte of the Operating Mode Instruction (instruction 5). 
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Figure 11: Overflow Control with uP Interactive Procedure 
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Figure 12: SYNC, PCM I/O, RESET, TD/TF Timings 


PCM INPUT 


PCM OUTPUT 


(1) tox corresponds to bit 0, channel 0 or Extra Bit. 


Figure 13: WRITE Operating Timing. 
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Figure 14: READ Operating Timing. 
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Figure 15: RC (External Clock) and Os (Overflow Signalling) Timings. 
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APPENDIX 1A - Correspondance between S7-S0 values (HEX) and synthetized frequency for melody and 


tone 1-6: 
00 SILENCE | 40 500.00 | 80 1000.00 | CO 2000.00 
01 253.91 =| 41 507.81 | 81 1015.62 | C1 2031.25 
02 257.81 | 42 515.62 | 82 1031.25 | C2 2062.50 
03 261.72 | 43 523.44 | 83 1046.88 | C3 2093.75 
04 265262 | 44 S3Lc25. 84 1062.50 | C4 2125.00 
05 269.53 | 45 539.06 | 85 1078.12 | C5 2156.25 
06 273.44 | 46 546.88 | 86 1093.75 J C6 2187.50 
07 277.34 | 47 554.69 | 87 1109.38 | C7 2218.75 
08 281.25 | 48 562.50 =| 88 1125.00 | C8 2250.00 
09 285.16 | 49 570.31 | 89 1140.62 | C9 2281.25 
OA 289.06 | 4A 578.12 | 8A 1156.25 | CA 2312.50 
OB 292.97 | 4B 585.94 | 8B 1171.88 | CB 2343.75 
OC 296.88 | 4c 593.75 <] 8C 1187.50 | CC 2375.00 
OD 300.78 | 4D 601.56 | 8D 1203.12 | CD 2406.25 
OE 304.69 | 4E 609.38 | 8E 1218.75 | CE 2437.50 
OF 308.59 | 4E 617.19 | 8F 1234.38 | CF 2468.75 
10 312.50 | 50 625.00 | 90 1250.00 | 130) 2500.00 
11 316.41 | 51 632.81 | 91 1265.62 | D1 2531.25 
12 320.31 | 52 640.62 | 92 1281.25 | D2 2562.50 
13 324.22 | 53 648.44 | 93 1296.88 | D3 2593.75 
14 328.12 | 54 656.25 | 94 1312.50 | D4 2625.00 
15 332:.03 | 55 664.06 | 95 1328.12 { DS 2656.25 
16 335.94 | 56 671.88 | 96 1343575. D6 2687.50 
17 339.84 | 57 679.69 | 97 1359.38 | D7 2718.75 
18 343.75 | 58 687.50 | 98 1375.00 | D8 2750.00 
19 347.66 | 59 695.31 | 99 1390.62 | D9 2781.25 
1A 354.56 | 5A 103:«12 | 9A 1406.25 | DA 2812.50 
1B 355.47 | 5B 710.94 | 9B 1421.88 | DB 2843.75 
1c 359.38. | 5) 716675. ~| 9C 1437.50 | DC 2875.00 
1D 363.28 | 5D 726.56 | 9D 1453212 5 DD 2906.25 
1E 367.19 | 5E 734.38 =| 9E 1468.75 | DE 2937.50 
1F 371.09 | 5F 742.19 | oF 1484.38 | DF 2968.75 
20 375.00 | 60 750.00 | AO 1500.00 | EO 3000.00 
21 378.91 | 61 757.81 ~= | Al 1515.62 | El 3031.25 
22 382.81 | 62 765.62 | A2 1531.25 | E2 3062.50 
23 386.72 | 63 773.44 | A3 1546.88 | E3 3093.75 
24 390.62 | 64 781.25 | A4 1562;50 | E4 3125.00 
29 394.53 | 65 789.06 | A5 1578.12 (| E5 3156.25 
26 398.44 66 796.88 | A6 1593.75 | E6 3187.50 
27 402.34 | 67 804.69 | A7 1609.38 =| E7 3218.75 
28 406.25 | 68 812.50 | A8 1625.00 | E8 3250.00 
29 410.16 | 69 820.31 | AY 1640.62 | E9 3281.25 
2A 414.06 | 6A 828.12 | AA 1656.25 | EA 3312.50 
2B 417.97 | 6B 835.94 | AB 1671.88 | EB 3343.75 
2C 421.88 | 6C 843.75 | AC 1687.50 | EC 3375.00 
2D 425.78 6D 851.56 | AD 1703.12 | ED 3406.25 
2E 429.69 | 6E 859.38 | AE 1718.75 | EE 3437.50 
2F 433.59 | 6F 867.19 | AF 1734.38 | EF 3468.75 
30 437.50 = | 70 875.00 | BO 1750.00 | FO 3500.00 
31 441.41 | 71 882.81 | Bl 1765.62 | Fl 353.1625 
32 445.31 | 2 890.62 | B2 1781.25 | F2 3562.50 
33 449.22 | 43 898.44 | B3 1796.88 | F3 3593.75 
34 453.12 74 906.25 | B4 1812.50 | F4 3625.00 
35 457 203 75 914.06 | B5 1828.12 | FS 3656.25 
36 460.94 | 76 921.88 | B6 1843.75. «| F6 3687.50 
37 464.84 | 77 929.69 | B7 1859.38 | F7 3718.75 
38 468.75 78 937.50 | B8 1875.00 | F8 3750.00 
39 472.66 | 79 945.31 | B9 1890.62 | F9 3781.25 
3A 476.56 | 7A 953.12 | BA 1906.25 | FA 3812.50 
3B 480.47 | 7B 960.94 | BB 1921.88 | FB 3843.75 
30 484.38 | 7C 968.75 | BC 1937.50 | FC 3875.00 
3D 488.28 | 7D 976.56 | BD 1953.02 | FD 3906.25 
3E 492.19 | TE 984.38 | BE 1968.75 | FE 3937.50 
3F 496.09 | 7F 992.19 | BF 1984.38 | FF 3968.75 
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APPENDIX 1B - Correspondence between S7-SO values (HEX) and synthetized frequency for tone 7: 


mMdaADHWM ODYHRUHBPWNFO 


SILENCE 
3.91 
7.81 

11.72 
15.62 
19.53 
23.44 
27.34 
J1625 
35.16 
39.06 
42.97 
46.88 
50.78 
54.69 
58.59 
62.50 
66.41 
70.31 
74.22 
78.12 
82.03 
85.94 
89.84 
93.75 
97.66 
101.56 
105.47 
109.38 
113.28 
117.19 
121.09 
125.00 
128.91 
132.81 
136.72 
140.62 
144.53 
148.44 
152.34 
156.25 
160.16 
164.06 
167.97 
171.88 
175.78 
179.69 
183.59 
187.50 
191.41 
195.31 
199.22 
203.12 
207.03 
210.94 
214.84 
218.75 
222.66 
226.56 
230.47 
234.38 
238.28 
242.19 
246.09 


500.00 
507.81 
515.62 
523.44 
531.25 
539.06 
546.88 
554.69 
562.50 
570.31 
578.12 
585.94 
593.75 
601.56 
609.38 
617.19 
625.00 
632.81 
640.62 
648.44 
656.25 
664.06 
671.88 
679.69 
687.50 
695.31 
703.12 
710.94 
718.75 
726.56 
734.38 
742.19 
750.00 
757.81 
765.62 
773.44 
781.25 
789.06 
796.88 
804.69 
812.50 
820.31 
828.12 
835.94 
843.75 
851.56 
859.38 
867.19 
875.00 
882.81 
890.62 
898.44 
906.25 
914.06 
921.88 
929.69 
937.50 
945.31 
953.12 
960.94 
968.75 
976.56 
984.38 
992.19 
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1000.00 
1015.62 
1031.25 
1046.88 
1062.50 
1078.12 
1093.75 
1109.38 
1125.00 
1140.62 
1156.25 
1171.88 
1187.50 
1203.12 
1218.75 
1234.38 
1250.00 
1265.62 
1281.25 
1296.88 
1312.50 
1328.12 
1343.75 
1359.38 
1375.00 
1390.62 
1406.25 
1421.88 
1437.50 
1453.12 
1468.75 
1484.38 
1500.00 
1515.62 
1531.25 
1546.88 
1562.50 
1578.12 
1593.75 
1609.38 
1625.00 
1640.62 
1656.25 
1671.88 
1687.50 
1703.12 
1718.75 
1734.38 
1750.00 
1765.62 
1781.25 
1796.88 
1812.50 
1828.12 
1843.75 
1859.38 
1875.00 
1890.62 
1906.25 
1921.88 
1937.50 
19532:12 
1968.75 
1984.38 


2000.00 
2031.25 
2062.50 
2093.75 
2125.00 
2156.25 
2187.50 
2218.75 
2250.00 
2281.25 
2312.50 
2343.75 
2375.00 
2406.25 
2437.50 
2468.75 
2500.00 
2531.25 
2562.50 
2593.75 
2625.00 
2656.25 
2687.50 
2718.75 
2750.00 
2781.25 
2812.50 
2843.75 
2875.00 
2906.25 
2937.50 
2968.75 
3000.00 
3031.25 
3062.50 
3093.75 
3125.00 
3156.25 
3187.50 
3218.75 
3250.00 
3281.25 
3312.50 
3343.75 
3375.00 
3406.25 
3437.50 
3468.75 
3500.00 
3531.25 
3562.50 
3593.75 
3625.00 
3656.25 
3687.50 
3718.75 
3750.00 
3781.25 
3812.50 
3843.75 
3875.00 
3906.25 
3937.50 
3968.75 
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APPENDIX 2 

TONE GENERATION PROGRAMMING 

Example 1: 

f = 425Hz 

Duration 200ms ON, 200ms OFF, 600ms ON, 1000ms OFF 
Attenuation 10dB 

Channel #0. 

Programming sequence: 


Control Signal 


Example 2: 

f = 400Hz 

Duration: 375ms ON, 375ms OFF 
Attenuation 5dB 

Channel #3 

Programming sequence: 


Control Signal 


C00 yy ScS-THOMson 
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MICROELECTRONICS $1T5410 
2B1Q U INTERFACE DEVICE 
GENERAL FEATURES 


SINGLE CHIP 2B1Q LINE CODE TRANS- 
CEIVER 

SUITABLE FOR BOTH ISDN AND PAIR GAIN 
APPLICATIONS 

MEETS OR EXCEEDS ANSI 11.601-1988 
U.S. STANDARD 

MEETS OR EXCEEDS ST/LAA/ELR/822 
FRENCH SPECIFICATIONS 


ma SINGLE 5V SUPPLY 
mn 28 PINS PACKAGE 


a 300mW ACTIVE AND 


10mW_~ INACTIVE 
POWER DISSIPATION 

HCMOS3A SGS-THOMSON ADVANCED 
DOUBLE-METAL SINGLE-POLY CMOS 


PROCESS 


TRANSMISSION FEATURES 


160 KBIT/S FULL DUPLEX TRANSCEIVER 
2B1Q LINE CODING WITH SCRAMBLER/DE- 
SCRAMBLER 

18KFT  (5.5KM) ON 
TWISTED PAIR CABLES 
SUPPORTS BRIDGE TAPS, SPLICES AND 
MIXED GAUGES 


26AWG/24AWG 


a» >/0DB ADAPTIVE ECHO-CANCELLATION 
a» DIGITAL FEEDBACK EQUALIZATION 
a ON CHIP TIMING RECOVERY WITHOUT EX- 


TERNAL PRECISION COMPONENTS 
DIRECT CONNECTION TO SMALL LINE 
TRANSFORMER 


SYSTEM FEATURES 


ACTIVATION/DEACTIVATION CONTROLLER 
ON CHIP CRC CALCULATION AND VERIFI- 
CATION INCLUDING PROGRAMMABLE 
BLOCK ERROR COUNTER 

EOC CHANNEL AND OVERHEAD-BITS 
TRANSMISSION WITH AUTOMATIC MES- 
SAGE CHECKING 

GCI AND MW/DSI MODULE INTERFACES 
COMPATIBLE 

DIGITAL LOOPBACKS 

ELASTIC DATA BUFFERS AND BACKPLANE 
CLOCK DE-JITTERIZER 


September 1991 


This 1s advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 


SO/FSb 
VCCO 
GNDD1 
TSR/NCLK 
BR 

BCLK 

Bx 


NOT USED 


Ceramic DIP28 


PIN CONNECTIONS (Top views) 


MICROWIRE MODE 
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NW 4 
ts 
INT 
LSO/SFSr 
GNDA 
GNOO2 
SFSx 
XTAL1 
XTAL2 
CO 

CI 
CCLK 
Ox 

Or 


MU-@ 

Mg 

NOT USED 
LSO/SFSr 
GNDA 
GNDD2 
SFS 
RTAL4 
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GENERAL DESCRIPTION 


ST5410 is a complete monolithic transceiver for 
ISDN Basic access data transmission on twisted 
pair subscriber loops typical of public switched tele- 
phone networks. The device is fully compatible with 
both ANSIT1.601-1988 U.S. and ST/LAA/ELR/822 
French specifications. 


The equivalent of 160 kbit/s full-duplex transmission 
on a single twisted pair is provided, according to the 
formats defined in the a.m. spec. Frames include 
two B channels, each of 64 kbit/s, one D channel of 
16 kbit/s plus an additional 4 kbit/s M channel fcr 
loop maintenance and other user functions. 12 
kbit/s bandwidth is reserved for framing. 2B1Q Line 
coding is used, where pairs of bits are coded into 
one of 4 quantum levels. This technique results in 
a low frequency spectrum (160 kbit/s turn into 80 
kband), thereby reducing both line attenuation and 
crosstalk and achieving long range with low Bit Error 
Rates. 


The system is designed to operate on any of the 
standard types of cable pairs including mixed 
gauges (26AWG, 24 AWG and 22 AWG) linking the 
loop by means of one simple transformer. Good 
noise margins are achieved even when bridged 
taps are present. On 26AWG cable, the transmis- 
sion range is in excess of 5.5 km (18 kft) in presence 
of crosstalk and noise as specified by ANS! stand- 
ard. ST 5410 is designed to operate with Bit Error 
Rate less than 10° on 45 dB loss loops with near- 
end Crosstalk (NEXT) of 52 dB as specified in 
european ETSI recommendation. 


To meet these very demanding specifications, the 
device includes two Digital Signal Processors, one 
configured as an adaptive Echo-Canceller to cancel 
the near end echoes resulting from the transmit/re- 
cive hybrid interface, the other as an adaptive line 
equalizer. A Digital Phase-Locked Loop (DPLL) tim- 
ing recovery circuit is also included that provides in 
NT1 a 15.36 MHz synchronized clock to the rest of 
the system. Scrambling and descrambling are per- 
formed as specified in the US and French specifi- 
Cations. 


On the system side, ST5410 can be linked to two 
bus configuration simply by pin MW bias. 


MICROWIRE(uW)/DSI mode (MW= 5V): 144 kbit/s 
2B+D basic access data is transferred on a multi- 
plex Digital System Interface with 4 different inter- 
face formats (see fig. 2 and 3) providing maximum 
flexibility with a limited pin count (BCLK, Bx, Br, FSa, 
FSb). Three pre-defined 2B+D formats plus an in- 
ternal time slot assigner allows direct connection of 
the UID to the most common multiplexed digital 


interfaces (TDM/IDL). Bit and Frame Synchronisa- 
tion signals are inputs or outputs depending on the 
configuration selected. Data buffers allow any 
phase shift between the line and the digital inter- 
face. That permits building of slave-slave configu- 
rations e.g. in NT12 trunk-cards. 


It is possible to separate the D from the B channels 
and to transfer it on a separate digital interface (Dx, 
Dr) using the same bit and frame clocks as for the 
B channels or in a continuous mode using an 
internally generated 16 kHz bit clock output (DCLK). 


All the Control, Status and Interrupt registers are 
handled via a control channel on a separate serial 
interface MICROWIRE compatible (CI, CO, CS, 
CCLK, INT) supported by a number of microcontrol- 
ler including the ST6, ST9 and COPS families from 


SGS-THOMSON 


GCI mode (MW= OV). Control/maintenance chan- 
nels are multiplexed with 2B+D basic access data 
in a GCI compatible interface format (see fig. 4a) 
requiring only 4 pins (BCLK, Bx, Br, FSa). On chip 
GCI channel assignement allows to multiplex on the 
same bus up to 8 GCI channels, each supporting 
data and controls of one device. Bit and Frame 
Synchronisation signals can be inputs or ouputs 
depending on the configuration selected. Data buff- 
ers, again, allow to have any phase between the 
line interface and the digital interface. 


Through the M channel and its protocol allowing to 
check both direction exchanges, internals register 
can be configurated, the EOC channel and the 
Overhead-bits can be monitored. Associated to the 
M channel, there are A and E channels for enabling 
the exchanged messages and to insure the flow 
control. The C/I channel allows the primitive ex- 
changes following the standard protocol. 


In both mode (uW and GCI) CRC is calculated and 
checked in both directions internally. 


In LT mode, the superframe can be synchronized 
by an external signal (SFS) or be self running. In 
NT mode the SFS is always output synchronized by 
the transmit superframe. 


Line side or Digital Interface side loopbacks can be 
selected for each B1, B2 or D channel inde- 
pendently without restriction in transparent or in 
non-transparent mode. 


Activation and deactivation procedures, which are 
automatically processed by UID, require only the 
exchange of simple commands as Activation Re- 
quest, Deactivation Request, Activation Indication. 
Cold and Warm start up procedures are operated 
automatically without any special instruction. 
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PIN FUNCTIONS 

Transmit 2B1Q signal differential outputs to the line transformer. When used with an 
14 LO+. LO- appropriate 1:1.5 step-up transformer and the proper line interface circuit the line 

amplitude of 2.5 Volts. 

Li+, LI- Receive 2B1Q signal differential inputs from the line transformer. 
When the Digital Interface clocks are selected as inputs, this signal must be a 8 
kHz clock input which indicates the start of the frame on the Digital Interface 
and the first slot of the frame can be selected by means of bit DDM in CR1: 
Delayed timing mode or non Delayed timing mode. 
directions and non delayed timing mode is automatically selected. 

When the Digital Interface clocks are selected as outputs, FSa is a 8KHz 


a 
signal conforms to the output specifications in ANSI standard with a nominal pulse 
Positive power supply input for the analog and digital sections, which must be +5 
VOCD, VCCA Volts +/-5% and must be directly connected together. 
data input pin Bx. In microwire mode two phases between the rising edge of FSa 
When GCI Format is selected, FSa defines the frame begining for both Tx and Rx 
output pulse conforming with the selected Interface format. 


Negative power supply pins, which must be connected together close to the 
device. 
All digital and analog signals are referred to these pins, which are normally at the 
system Ground. 


(LT configuration only) - 
This pin is an open drain output normally in the high impedance state which pulls 
low when B1 and B2 time-slots are active. It can be used to enable the Tristate 

control of a backplane line-driver. 


(NT mode only) 
15.36 MHz clock output which is frequency locked to the received line signal (unlike 
the XTAL pins, it is not freerunning) . 


Data output: 2B+D basic access data received from the line can be shifted out from 
the TRISTATE output Br at the BCLK frequency on the rising edges during the 
assigned time slots. Elsewhere, Br is in the high impedance state. When the D 
channel port is enabled, only BI & B2 data is shifted out from Br on the rising edges 
of BCLK. In Format 4 and GCI mode, data is shifted out at half the BCLK frequency 
on the transmit rising edges. When GCI mode is selected, 2B+D data is combined 
with the GCI Control channels and output Br becomes open drain. There is 1.5 
period delay between the rising transmit edge and the receive falling edge of BCLK. 
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PIN FUNCTIONS (Continued) 


a 


Bit Clock: This signal determines the data shift rate on the Digital Interface.When 
slave mode is selected,,BCLK is an input which may be any multiple of 8 kHz 
from 256 kHz to 6176 kHz. When master mode is selected , BCLK is an output at 
256 kHz, 512 kHz, 1536 kHz, 2048 kHz or 2560 kHz depending on the selection in 
Command Register 1. BLCK is synchronous with FSa/b Frame syncsignals and 
phase locked to the recovered clock received from the line. 

In formats 1-3, data is shifted in and out at the BCLK frequency. In format 4 and in 
GCI mode, data is shifted in and out at half the BCLK frequency. 


Data input: 2B+D basic access data to transmit to the line can be shifted in at the 
BCLK frequency on the falling edges during the assigned time-slots. When D 
channel port is enabled, only B1 & B2 data is shifted in at the BCLK frequency on 
the falling edges during the assigned time slots. In format 4 and in GCI mode, data 
is shifted in at half the BCLK frequency on the receive falling edges. When GCI 
mode is selected, 2B+D data is combined with the GCI Control channels. 


The output of the crystal oscillator, which should be connected to one end of the 
crystal, if used. Otherwise, this pin must be left no connected. 


The master clock input, which requires either a parallel resonance crystal to be tied 
between this pin and XTAL2, or a logic level clock input from a stable source. This 
clock does not need to be synchronized to the digital interface clocks (FSa, 
BCLK).Crystal specifications: 15.36 MHz +/-50ppm parallel resonant; Rs < 20 
ohms; load with 33pF to GND each side. 


Super Frame synchronization I/O: When LT configuration is selected, the rising 
edge of SFS indicates the beginning of the Transmit Super Frame on the line. Two 
modes can be selected. In the first mode, SFS is an input that synchronizes the 
Transmit Frame counter of the UID core. SFS must be synchronous with FSa but 
with any phase . In the second mode, SFS is a square wave output issued from 
the free-running Transmit Frame counter. When NT configuration is selected, SFS 
Is always a Square wave output which indicates the beginning of the Transmit 
Superframe. There is no direct phase-relation between the data on the line and the 
data on the digital interface. 


Line Signal Detect output (default conf.): This pin is an open drain output which is 
normally in the high impedance state but pulls low when the device previously in 
the power down state receives a wake-up by Tone from the line. This signal is 
intended to be used to wake-up a micro-controller from a low power idle mode. 
The LSD output goes back in the high impedance state when the device is 
powered up. 


Super Frame Synchronization output. When LT configuration is selected, it is 
possible to configurate pin 25 as SFSr that provides a square wave output 
indicating the beginning of the received Super Frame from the line. As for SFSx, 
there is no direct phase-relation between the data on the line and the data on the 
digital interface. 


MICROWIRE selection: When set high, MICROWIRE control interface is selected. 
All the internal registers can be accessed through it. 

When set low, GCI interface is selected. All the internal registers can be accessed 
through the GCI Monitor and Command/Indicate Control channels. 
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PIN FUNCTIONS (Specific to MICROWIRE MODE ONLY (MW = 1) ) 


a 


This is a 8 kHz clock input which define the start of the frame on the Digital 
Interface data ouput pin Br. Two phases between the rising edge of FSb and the 
first slot of the frame can be selected with the same command as for FSa; Delayed 
timing mode or non Delayed timing mode. 

When the Digital Interface clocks are selected as outputs, FSb is a 8 kHz output 
pulse conforming with the selected format. 


(D channel port enabled, continuous mode selected) 
D channel Clock output: when the D channel port is enabled in continuous mode, 
data are shifted in and out at 16 KHz on the falling and rising edges of DCLK 
respectively. DCLK is synchronous with the BCLK frequency. When DCLK is 
disabled, it must be tied to GNDD. 


(D channel port enabled) 
D channel data output: when the D channel port is enabled, D channel data is 
shifted out from the UID on this pin in two selectable modes: In multiplexed mode, 
data is shifted out at the BCLK frequency on the rising edges when the assigned 
time slot is active. In continuous mode, data is shifted out at the DOLK frequency 
on the rising edge continuously. 


(D channel port enabled) 
D channel data input: When the channel port is enabled, D channel data is shifted 
in the UID on this pin in two selectable modes: In multiplexed mode, data ts shifted 
in at the BCLK frequency on the falling edges when the selected receive time slots 
are active. In continuous mode, data is shifted in at the DCLK frequency on the 
ene edge continuously. When the D channel port is disabled, Dx must be tied to 
DD. 


Clock input for the MICROWIRE control channel: data is shifted in and out on the 
rising and falling edges of CCLK respectively. CCLK may be asynchronous with 
the digital interface clock. 


MICROWIRE control channel serial input: two bytes data is shifted into the UID on 
this pin on the rising edges of CCLK. 


MICROWIRE control channel! serial output: two bytes data is shifted out from the 
UID on the falling edges of CCLK. When not enabled by CS, COis _high- 
impedance. 


Interrupt output: Latched open-drain output signal which is normally high 
impedance and goes low to request a read cycle. Pending interrupt data is shifted 
out from CO at the following read-write cycle. Several pending interrupts may be 
queued internally and may provide several interrupt requests. INT is freed upon 
receiving of CS low and can goes low again when CS is freed. 


Chip Select input: When this pin is pulled low, data can be shifted in and out from 
the UID through Cl & CO pins. When high, this pin inhibits the MICROWIRE 
interface. For normal read or write operation, has to be pulled low for 16 CCLK 
periods of time. 
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PIN FUNCTIONS (Specific to GC1 MODE ONLY (MW = 0) ) 


a 
External Control! Output: controlled by the bit LEC in the TxM56 register. 


External Status inputs: during full synchronization the status of ES1, ES2 is loaded 
in the LES1, LES2 bits of the RxM56 register at each status change and an 
18, 16 ES1,ES2 
pe fe 


interrupt is issued. 
7,19,17 


In NT mode, with AUTOE = 1, ES1/ES2 status are automatically sent on the line 
as ps1/ps2. 


GCI clocks I/O selection: when MO is set low, BCLK and FSa clocks are inputs. 
BCLK can have any value between 512 kHz and 6176 kHz. GCI is selected in 
slave mode. When MoO is set high, BCLK and FSa clocks are outputs. FSa is a 8 
kHz clock signal while BCLK is a 512 kHz or a 1536 kHz depending on CLS pin 
polarization. GCI channel 0 is automatically selected.In addition, when MO is set 
high, NT configuration is also selected. When MO is set low, NT or LT configuration 
must be selected through Configuration Register 2. 


(MO = 0: slave mode) 

GCI number selection: these 3 pins SO, S1, S2 are significant when GCI is 
selected in slave mode only. A GCI channel constituted of 32 bits and relative to 
one basic access can be multiplexed on Bx and Br links used as a serial bus for 
several devices. The channel number selection among 8 available GCI channels is 


STATE made by programming the SO-S2 pins. 
s2icLs._| (MO = 1: master mode) 


SO becomes FSb (output pulse indicating 2nd 64Kbit time slot.) 

S1 becomes AUTOE (input) 

S2 becomes CLS (input) 

GCI Clock Selection: while MO is set high, CLS high selects the 1536 kHz 
frequency on BCLK and CLS low selects the 512 kHz frequency on BCLK. 
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FUNCTIONAL DESCRIPTION 
Digital Interfaces 


ST5410 provides a choice between two types of 
digital interface for both control data and (2B +D) 
basic access data. 


These are: 
a) General Circuit Interface: GCI. 
b) Microwire/Digital System Interface: uW/DSI 


The device will automatically switch to one of them 
by sensing the MW input pin at the Power up. 


uW/DSI MODE 


Microwire control interface 
The MICROWIRE interface is enabled when pin 
MW equal one. Internal registers can be written or 
read through that control interface. 
It is constituted of 5 pins: 

Cl: = data in 

CO: data ouput 

CCLK:data clock input 

CS: Chip Select input 

INT: Interruption output 


Transmission of data onto Cl & COis enabled when 
CS input is low. 


A Write cycle or a Read cycle is always constituted 
of two bytes. CCLK must be pulsed 16 times while 
CS is low. Data on the Cl input is shifted into the 
serial Receive input register on the rising edge of 
each CCLK pulse. At the same time, data from the 
Transmit output register is shifted out onto the CO 
ouput on the falling edge of each CCLK pulse. The 
bit 7 (the first) is available as soon as CS goes low. 


You can write in the UID on Cl while the UID send 
back a register content to the microprocessor. If the 
UID has no message to send, it forces the CO 
output to all zero’s. 

If the UID is to be read (status change has occured 
inthe UID or a read-back cycle has been requested 
by the controller), it pulls the INT output low until 
CS is provided. INT high to low transition is not 
allowed when CS is low (the UID waits for CS high 
if a pending interrupt occurs while CS is low) . 
When CS is high, the CO pin is in the high imped- 
ance state. 


Note: Special! format is used for EOC channels. 


Write cycle 
The format to write a message into the UID is: 


PTs [s[™ [ells] a 


A7-Ai: Register Adress 
AO: Write/Read Indicator 
D7-D0: Register Content 


After the first byte is shifted in, Register address is 
decoded. AO set low indicates a write cycle: the 
content of the following received byte has to be 
loaded into the adressed register. 

AO set high indicates a read-back cycle request and 
the byte following is not significant. The UID will 
respond to the request with an interrupt cycle. It is 
than possible for the micro to receive the required 
register content after several other pending inter- 
rupts. 


Read cycle 

When UID has a register content to send to the 
microprocessor, it pulls low the INT output to re- 
quest CS and CCLK signals. Note that the data to 
send can be the content of a Register previously 
requested by the microprocessor by means of a 
read-back request. 


The format of the message sent by the UID is: 


[wT [s [mo Te [om [oe 


1st byte 


fo [= [sole leo lo 


2nd byte 


A7-A1: Register Adress 

AO: forced to 1 if read back 
forced to 0 if spontaneous 

D7-DO: Register Content 

Digital System Interface 

Two B channels, each at 64 kbit/s and one D channel 

at 16 kbit/s form the Basic access data. Basic access 

data is transferred on the Digital System Interface 

with several different formats selectable by means of 

the configuration register CRI. 

The DSI is basically constituted of 5 wires (see fig.2 

and 3): 


BCLK bit clock 

Bx data input to transmit to the line 
Br data output received from the line 
FSa ss Transmit Frame sync 

FSb Receive Frame sync 


It is possible to separate the D channel from the B 
channels and to transfer it on a separate Digital 
Interface constituted of 2 pins: 


1st byt 
a ae Dx D channel data input 
Dr D channel data ouput 
ov [os [os [oe [or [oe [oe [2] ser 
The multiplexed mode uses the same bit and frame 
2nd byte clocks as for the B channels. The continuous mode 
Gey SGS-THOMSON 
S/ Miiccoelecnones 
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uses an internally generated 16 kHz bit clock out- 
put: 


DCLK Dchannel clock output. 


ST5410 provides a choice of four multiplexed for- 
mats for the B and D channels data as shown in 
fig.2 and 3. 


Format 1: the 2B+D data transfer is assigned to the 
first 18 bits of the frame on Br and Bx 1/0 pins. 
Channels are assigned as follows: B1(8 bits), B2(8 
bits), D(2 bits), with the remaining bits ignored until 
the next Frame sync pulse. 


Format 2: the 2B+D data transfer is assigned to the 
first 19 bits of the frame on Br and Bx |/O pins. 
Channels are assigned as follows: B1(8 bits), D(1 
bit), 1 bit ignored, B2(8 bits), D(1 bit), with the 
remaining bits ignored until the next frame sync 
pulse. 


Format 3: Bi and B2 Channels can be inde- 
pendently assigned to any 8 bits wide time slot 
among 64 (or less) on the Bx and Br pins. The 
transmit and receive directions are also inde- 
pendent. When multiplexed mode is selected, the 
D channel can be assigned to any 2 bits wide time 
slot among 256 on the Bx and Br pins or on the Dx 
and Dr pins (D port disabled or enabled in multi- 
plexed mode continuous respectively). 


Format 4: is a GCI like format excluding Monitor 
channel and C/I channel. The 2B+D data transfer 
is assigned to the first 26 bits of the frame on Br and 
Bx I/O pins. Channels are assigned as follows. B1(8 
bits) B2(8 bits), 8 bits ignored, D(2 bits), with re- 
maining bits ignored up to the next frame sync 
pulse. 


For all formats when D channel part is enabled 
“continuous mode" is possible. When the D channel 
port is enabled in multiplexed mode, only the 2 B 
channels use the Bx and Br pins. D bits are as- 
signed according to the related format. 


When the Digital Interface clocks are selected as 
inputs, FSa must be a 8 kHz clock input which 
indicates the start of the frame on the data input pin 
Bx. When the Digital Interface clocks are selected 
ae outputs, FSais an 8 kHz output pulse conforming 
to the selected format which indicates the frame 
beginning for both Tx and Rx directions. 


When the Digital Interface clocks are selected as 
inputs, FSb is a 8 kHz clock input which defines the 
start of the frame on the data ouput pin Br. When 
the Digital Interface clocks are selected as outputs, 
FSb is a 8 kHz output pulse indicating the second 
64Kbit slot. 
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Two phase-relations between the rising edge of 
FSa/FSb and the first (or second for FSb as output) 
slot of the frame can be selected depending on 
format selected: Delayed timing mode or non De- 
layed timing mode. 


Non delayed data mode is similar to long frame 
timing on the COMBOI/II series of devices: The first 
bit of the frame begins nominally coincident with the 
rising edge of FSa/b. When output, FSa is coinci- 
dent with the first 8 bits wide time-slot while FSb is 
coincident with the second 8 bits wide time-slot. 
Non delayed mode is not available in format 2. 


Delayed timing mode, which is similar to short frame 
sync timing on COMBO I/II, in which the FSa/b input 
must be set high at least a half cycle of BCLK earlier 
the frame beginning. When output, Fsa (1bit wide 
pulse) indicates the first 8 bits time-slot beginning 
while FSb indicates the second. Delayed mode is 
not available in format 4. 


2B+D basic access data to transmit to the line can 
be shifted in at the BCLX frequency on the falling 
edges during the assigned time-slots. When D 
channel port is enabled, only B1 & B2 data is shifted 
in during the assigned time slots. In format 4, data 
is shifted in at half the BCLK frequency on the 
receive falling edges. 


2B+ D basic access data received from the line can 
be shifted out from the Br output at the BCLK 
frequency on the rising edges during the assigned 
time-slots. Elsewhere, Br is in the high impedance 
state. When the D channel port is enabled, only B1 
& B2 data is shifted out from Br. In Format 4, data 
is shifted out at half the BCLK frequency on the 
transmit rising edges; there is 1.5 period delay 
between the rising transmit edge and the receive 
falling edge of BCLK. 


Bit Clock BCLK determines the data shift rate on 
the Digital Interface. Depending on mode selected, 
BCLK is an input which may be any multiple of 8 
kHz from 256 kHz to 6176 kHz or an output ata 
frequency depending on the format and the fre- 
quency selected. Possible frequencies are: 


256 KHz, 512 KHz, 1536 KHz, 
2048 KHz, 2560 KHz. 


In format 4 the use of 256kHz is forbidden. 


BCLK is synchronous with FSa/b frame sync signal. 
When output, BCLK is phased locked to the recov- 
ered clock received from the line. 
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ST5410 
Figure 2: DSI interface formats: MASTER mode. 


FORMAT 1 
FSo | | £ 


FSb | | £ 
Br CE Ss > (2) 
5 7 a :; a (nn: Mee () (>) 7 


FORMAT 2 


A; | TD ©) CAAA 7 


FORMAT 3 


= a 
BX LLRLLLLLLLLLA 8? MYYYLYTL/{LEL{LLLLLLLLLLLL””__ 8 FKG 


FORMAT 4 


02)02) 
Poe BNW M@IIILIIIIIIIIOOMLLLILILIIILL LLL 


NOESTS4&IG-BIA 
FORMAT2 1S DELAYED MODE ONLY, 
FORMATS Br end Bx CHANNEL ARRANGEMENT ARE JUST FOR EXAMPLE. 
TIMINGS DOTTED 1 ) REFERS TO DELAYED MODE. 
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Figure 3: DSI interface formats: SLAVE mode. 
FORMAT 1 


ES ee ee (2) °) 
(//, EO CS PN (1) () ALLL A 


FORMAT 2 


FORMAT 3 


= a 
BX YMKLLLLLLLL LA 8 MKLILLLILLLLILEIILLLLLUUUU#U@u_ dV 


FORMAT 4 


MN39BSTS54198-8IA 
FORMAT2 1S DELAYED MODE ONLY. 
FORMAT3 Br and Bx CHANNEL ARRANGEMENT ARE JuST FOR EXAMPLE. 
TIMINGS DOTTED | ) REFERS TO DELAYED MODE. 
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GCI MODE 


The GCl is a standard interface for the interconnec- 
tion of dedicated ISDN components in the different 
equipments of the subscriber loop : 

In a Terminal, GCI interlinks the S interface trans- 
ceiver, the ISDN layer 2 (LAPD) controller and the 
voice/data processing components as an audio- 
processor or a Terminal Adaptor module. 


In NT1-2, PABX subscriber line card, or central 
office line card (LT), GCI interlinks the UID, the 
ISDN Layer 2 (LAPD) controllers and eventually the 
backplane where the channels are multiplexed. 


Figure 4a: GCI interface format. 


GCI CHANNEL 0 


M D CI AE 81 


GCI CHANNEL 1 
a: are. 
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Frame Structure 


2B+D data and control interface is transferred ina 
time-division multiplexed mode based on 8 kHz 
frame structure and assigned to four octets per 
frame and direction.(see fig.4a). 

The 64 kbit/s channels B1 and B2 are conveyed in 
the first two octets; the third octet (M: Monitor) is 
used for transferring most of the control and status 
registers; the fourth octet (SC: Signalling & Control) 
contains the two D channel bits, the four C/I (com- 
mand/Indicate) bits controlling the activation/deac- 
tivation procedures, and the E & A bits which 
support the handling of the Monitor channel. 
These four octets per frame serving one ISDN 


GCl CHANNEL 7 


M D Ci AE M D CI AE 


cece ee 0 ce ce: 


FSa 
(Input) 


eo AT TS ART 


SLAVE MODE 


GCI CHANNEL 0 
Wee eke aus 


M D CHAE 


sd Lic 
FSa | 8 KH2| 
(output) 


FSb 
(output) 


se Ee OT TRACT USI TT 


(output) 


MASTER MODE 


eR Se a RE ee f SGS-THONISOR 
YF MmMeROELECTROMICS 
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Figure 4b: GC! Multiplex Examples. 
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BCLK 
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subscribers line form a GCI Channel. One GCI 
channel calls for a bit rate of 256 kbit/s. 


In NT1-2s or subscriber Line Cards up to 8 GCI 
channels may be carried in a frame of a GCI 
multiplex. The bit rate of a GCI multiplex may be 
from 256 kbit/s and up to 3088 kbit/s. Adjacent 
4-octet slots from the frame start are numbered 0 
to 7. The GCI channel takes the number of the slot 
it occupies. Spare bits in the frame beyond 256 bits 
from the frame start will be ignored by GCI com- 
patible devices but may be used for other purposes 
if required (see Fig.4b). GCI channel number is 
selected by biasing pins S0,51,S2. 


Physical Links. 
Four physical links are used in the GCI. 


Transmitted data to the line: Bx 
Received data from the line: Br 
Data clock: BCLK 

Frame Synchronization clock: FSa 


GCI is always synchronized by frame and data 
clocks derived by any master clock source. These 
two clock signals are provided to each component 
linked by GCI. 


A device used in NT mode can deliver clock 
sources able to synchronize GCI, either directly, or 
via a local Clock Generator synchronized on the 
line by means of the MCLK 15.86 MHz output 


Table 1: GCI Configuration selection. 


S1/AUTOE 


TE/NT1 NT12/LT* 


CLS = 0: 512 KHz 
CLS = 1: 1536 KHz 


315410 


clock.Frame clock and data clock could be inde- 
pendent of the internal devices clocks. Logical one 
on the Br output is the high impedance state while 
logical zero is low voltage. For E and Abits, active 
state is voltage Low while inactive state is high 
impedance state. 


Data is transmitted in both directions at half the 
data clock rate. The information is clocked by the 
transmitter on the front edge of the data clock and 
can be accepted by the receiver after 1 to 1.5 
period of the data clock. 


The data clock (BCLK) is a square wave signal at 
twice the data transmission frequency on Bx and 
Br with a 1 to 1 duty cycle. The frequency can be 
choosen from 512 to 4096 kHz with 16 kHz modu- 
larity. Data transmission rate depends only on the 
data clock rate. 


The Frame Clock is a 8 kHz signal for synchroni- 
zation of data transmission. The front edge of this 
signal gives the time reference of the first bit in the 
first GCI input and output channel, and reset the 
slot counter at the start of each frame 


When some GCI channels are not selected on 
devices connected to the same GCI link, these 
time slots are free for alternative uses. 


GCI configuration select is done by bias of input 
pins according to TABLE 1. 


* Differentiation between NT and LT mode is done by configuration register 2 (NTS bit) 
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Monitor channel 


The Monitor channel is used to write and read all 
ST5410 internal registers. Protocol on the Monitor 
channel allows a bidirectional transfer of bytes be- 
tween UID and a control unit with acknow- 
ledgement at each received byte. Bytes are 
transmitted on the Br output and received on the Bx 
input in the Monitor channel slot. 

A write or read cycle is always constituted of two 
bytes.(see fig. 5) 

Note: Special format is used for EOC channel. 


Write cycle 
The format to write a message into the UID is: 


PT [os [mf [ela a 


1st byte 

[or Te [os [o [os [oe [o | oo 
2nd byte 

A7-A1: Register Address 

AO: Write/Read Indicator set low 

D7-D0: Register Content 


After the first byte is shifted in, Register address is 
decoded. AO set low indicates a write cycle: the 
content of the following received byte has to be 
loaded into the addressed register. 


AO set high indicates a read-back cycle request. the 
second byte content is not significative. ST5410 will 
respond to the request by sending back a message 
with the register content associated with its own 
address. It is than possible for the micro to receive 
the required register content after several other 
pending messages. 


Read cycle 

When UID has a register content to send to the 
controller, it send it on the monitor channel directly. 
Note that the data to send can be the content of a 
Register previously requested by the controller by 
means of a read-back request. 


The format of the message sent by the UID is: 


T= [=[™[s [2 [3 [oo 


ist byte 
[or [os [es [To [ve [oe [To [oo 
2nd byte 


A7-A1: Register Adress 
AO: forced to 1 
D7-D0: Register Content 
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Exchange Protocol 


ST5410 validates a received byte if it is detected 
two consecutive times identical. (see fig. 5) 


The exchange protocol is identical for both direc- 
tions. The sender uses the E bit to indicate that it is 
sending a Monitor byte while the receiver uses A 
bit to acknowledge the received byte.When no mes- 
sage is transferred, E bit and A bit are forced to 
inactive state. 


A transmission is started by the sender (Transmit 
section of the Monitor channel protocol handler) by 
putting the E bit from inactive to active state and by 
sending the first byte on Monitor channel in the 
same frame. Transmission of a message is allowed 
only if A bit sent from the receiver has been set 
inactive for at least two consecutive frames. 


When the receiver is ready, it validates the incoming 
byte when received identical in two consecutive 
frames. Then, the receiver set Abit from the inac- 
tive to the active state (preacknowledgement) and 
maintain active at least in the following frame (ac- 
knowledgement). 


If validation is not possible (two last bytes received 
are not identical) the receiver aborts the message 
by setting the A bit active for only a single frame. 


The second byte can be transmitted by the sender 
putting the E bit from the active to the inactive state 
and sending the second byte on the Monitor chan- 
nel in the same frame . The E bit is set inactive for 
only one frame. 


lf it remains inactive more than one frame, it is an 
end of message. 


The second byte may be transmitted only after 
receiving of the pre-acknowledgement of the pre- 
vious byte . Each byte has to be transmitted at least 
in two consecutive frames. 


The receiver validates the current received byte as 
for the first one and then set the A bit in the next two 
frames first from the active state to the inactive state 
(pre-acknowledgement) and back to the active (ac- 
knowledgement). If the receiver cannot validates 
the received current byte (two bytes received not 
identical)it pre-acknowledges normally but let the A 
bit in the inactive state in the next frame which 
indicates an abort request . 


If a message sent by the UID is aborted, the UID 
will send again the complete message until receiv- 
ing of an acknowledgement . 


A message received by the UID can be acknow- 
ledged or aborted with flow Control. 


The most significant bit (MSB) of Monitor byte is 
sent first on the Monitor channel. E & A bits are 
active low and inactive state on DOUT is 5 V. When 
no byte is transmitted, Monitor channel slot on Bris 
in the high impedance state. 
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C/I channel 


The C/I channel is used to load the Activation 
Control Register and to read the Activation Indica- 
tion Register. 


A four bits code (C1, C2, C3, C4) is transmitted on 


ST5410 


as long as the content the transmitted register 
remains unchanged. C1 bit is transmitted first. 


A four bits code (C1, C2, C3, C4) is received on the 
Bx input in the C/I channel of the GCI channel . A 
change in the receive C/I channel code is validated 


if it has been received identical in two consecutive 
frames. 


the Br output in the C/I channel of the GCI channel. 
The code is sent permanently at a 8 kHz frequency 


Figure 5: GCI Monitor channel messaging examples. 
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for a message 


Ready for 
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TURNING ON AND OFF THE DEVICE 


ST5410 contains an automatic sequencer for the 
complete control of the start-up activation se- 
quences specified by the ANSI and French specifi- 
cations. Interactions with an external control unit 
requires only Activate Request and Deactivate Re- 
quest commands, with the option of inserting break- 
points. Automatic control of act and dea bits in the 
M4 bit positions is provided, along with the specified 
40 ms, 480 ms and 15 s timers used during the 
sequencing. 

By default, during ACT procedure, the 15s timer is 
enabled, to force the device to abandon the se- 
quence where the time limit is reached. 


Except the Power up and Power down control that 
is slightly different, the Activation/Deactivation pro- 
cedures are identical in GCI and Microwire modes. 
Same command codes or indication codes are 
used. In Microwire mode, Activation Controlis done 
by writing in the Activation Control Register ACT. In 
GCI mode, these registers are accessed directly by 
the Command/Indicate channels. 


Power on initialization 


Following the initial application of power, S15410 
enters the power down deactivated state in MI- 
CROWIRE mode or in GCI mode depending on the 
polarization of the MW input. 

All the internal circuits including the master oscilla- 
tor are inactive and in a low power state except for 
the 10 kHz Tone signal detector. The line outputs 
LO+/LO- are low impedance and all digital outputs 
are high impedance. All programmable registers 
and the activation controller are reset to their default 
value. 


In pW/DSI mode, configuration programming has 
to be completed before a power up instruction. 


In GCI mode, GCI configuration is done by means 
of pins polarization and register programming. 

In NT1 and TE equipments, GCI configuration is 
defined fully by means of the configuration pins MO, 
and CLS at Power On Reset. 

For LT and NT1-2 equipments, GCI configuration is 
first defined by means of the configuration pins MO, 
S2, $1, SO and must be completed by means of 
Control Register Programming prior the Power Up 
instruction. 


Power up control 


uW/DSI: control instruction PUP in ACT register is 
required to power up the UID. 


GCI: when in TE/NT1 mode (M0=1), the UID pro- 
vides the GCI clocks needed for contro! channel 
transfer; PUP control instruction is provided to the 
UID by pulling low the Bx data input; ST5410 then 
reacts sending GCI clocks. It is possible to operate 


an automatic power up of the UID when a wake up 
tone is detected from the line by connecting the LSD 
output directly to the Bx input. 


GCI: when in LT/NT12 mode (MO0=0), the UID pow- 
ers up after that PUP code (0000) on C/I Control 
Channel has been sent. 


When UID is in the power down state and a 10 kHz 
tone TN or TL is detected from the line, LSD and 
INT(uW/DSI only) open drain outputs are forced to 
zero. 


In NT configuration, code LSD (0000) is loaded in 
the activation indication register RXACT. 


In LT configuration, code AP (1000) is loaded in the 
activation indication register. 

In uwW/DSI these indications are sent onto CO at the 
following access even if the UID is still in power 
down mode. 

In GCl, these indications are sent onto the C/l 
channel as soon as GCI clocks are available. 


LSD open drain output is set back in the high 
impedance state as soon as the UID is powered up. 


INT open drain output is set back in the high imped- 
ance state when the CS input is detected at zero. 


Power up transition enables all analog and digital 
circuitry, starts the Crystal oscillator and internal 
clocks. The LSD output is in the high impedance 
state even if a tone is detected from the line. As for 
the PDN instruction, PUP has no influence on the 
content of the internal registers. 


Power down control 


A control instruction PDN in ACT register is re- 
quired to power down the device after a period of 
activity. PDN forces directly the device to the low 
power State. It should therefore only be used after 
the UID has been put in the line deactivated state. 
PDN has no influence on the content of the internal 
registers, but immediately stops the output clocks 
when UID is in master mode. 


When line is fully deactivated DI code put UID in 
power down. UID waits for 2 frames (250us) before 
entering power down state. During this time on GCI 
bus the code DI (1111) is sent an C/l. The clocks are 
stopped as soon as UID is in power down. The DI 
command is recommended in GCI mode. 


Configuration Registers remain in their current state 
and can be changed either by the pW control inter- 
face or the CGI Monitor channel (if MO = 0 only) 
depending on mode selected. It is then possible, for 
instance, after a normal deactivation procedure 
followed by a power down command, to power up 
again the device in order to operate directly a Warm 
Start procedure. In Power Down mode low imped- 
ance (with Typical value of 12©) between Li+ and 
Li- is ensured to maintain adaptation to the line 
impedance. 
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Software Reset 

When the device is either powered-up or down, a 
control instruction RES resets the activation con- 
troller ready for a cold start. That feature can be 
used if the far-end equipment fails to warm start, for 
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example if the line card or NT has been replaced or 
if in a regenerator, the loss of synchronisation of the 
second section imply the reset of the first section 
for a further cold start. The configuration registers 
remain in their selected value. 
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COMMAND/INDICATION (C/I) CODING 


The Command/Indication codes are given in Table 
2. For each mode a list of recognized Control codes 
and generated Indicate codes is given. Here after 
you have a detailed description depending on mode 
selected. 


The C/I codes can be used: 


a) in GCI mode, according to the already described 
rules. 


b) in nW/DSI, using the register ACT described in 
chapter ‘Internal register description’ 


NT mode: Control. 


0000 (PUP) Power Up Request. 

In GCI configuration with clocks selected as out- 
puts, when UID is in Power down state, Power Up 
requestis done by pulling low the Bx data input; UID 
reacts sending GCI clocks; code PUP enters no 
other change. In the other configurations, the PUP 
instruction powers up the device. 


0001 (RES) RESET. 

This code resets UID for a cold start. Configuration 
registers remain in their current value. Can be 
operated with the device either powered up or 
down. 

0100 (El) Error Indication. 

El code indicates that a transmission error has been 
detected on the TE side of the loop relative to UID. 
act bit is forced to 0 in the SNS signal transmitted 
to the line. 

0101 (PDN) Power Down Request. 

PDN instruction forces the device to Power down 
state. It should normally only be used in wW/DSI 


TABLE 2: C/I channel codes. 


CODE 


(*) GCI code only for power up/power down control. 


mode after the ST5410 has been put in a known 
state, e.g. in an NT after a DI status indication has 
been reported. 


1000 (AR) Activation Request. 

Being in inactive Power Up state, AR instruction 
forces UID through the appropriate sequence to 
activate the line by sending TN and SN1. 


1100 (Al) Activation Indication. 

The Al code indicates that TE side of the loop 
relative to UID has been activated. act bit is sent 
equal 1 in the SN3 signal transmitted to the line. 


1111 (DI) Deactivation Indication. (GCI only) 

The DI instruction allows the UID to automatically 
enter the Power down state if the line is deactivated. 
When the line is not deactivated, DI has no effect. 


NT mode : Indication. 


0000 (DR/LSD) Deactivation Request. 
When in the deactivated state either powered up or 
down, the LSD code is sent if a 10 kHz wake-up 


tone is detected. If the device is powered down, the 


LSD pin is also pulled low. 

When in activated state, DR code indicates that 
network has decided to deactivate the line. dea bit 
has been received equal 0. UID enters the normal 
deactivate state waiting for a further Warm Start. 


0100 (El) Error Indication. 

The El code indicates that a transmission error has 
been detected on the loop for more than 480 ms 
(loss of synchro or loss of signal). UID enters the 
receive RESET state. El also indicate that act bit 
has been received equal 0, or that 15sec timer has 
expired. 


TE/NT1/NT12 
DRILSD a PUP/DR 


eee ee 
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1000 (AP) Activation Pending. 

Indicates that the network has decided to activate 
the loop. SL2/SL3 signal is received with the act bit 
set to 0. 


1100 (Al) Activation Indication. 

Al code indicates that network side of the loop 
relative to UID is activated. SL3 signal is received 
with the act bit equal 1. 


1111 (Dl) Deactivation Indication. The DI code indi- 
cates that the UID has entered the deactivated state 
H1. 


LT mode: Control. 


0000 (PUP/DR) Power Up Request/Deactivation 
Request. 

When in the Power down state, the PUP code 
powers up the UID. When in the Power Up state, 
the DR code forces the UID through the appropriate 
deactivation sequence where the dea bit is set to 0 
in four consecutive superframes before ceasing 
transmission. 


0001 (RES) RESET. 

This code resets the UID ready for a cold start. 
Configuration registers remain in their current 
value. Can be operated with the device either pow- 
ered up or down. 


0100 (FAO) Force act bit to 0. 

The act bit is forced to 0 in the SL3 signal transmit- 
ted to the line. Is intended to reflect either a trans- 
mission error detected on the network side of the 
loop relative to UID or to acknowledge receiving of 
an act bit set to 0 from the line. 


0101 (PDN) Power Down Request. 

PDN instruction forces ST5410 to Power down 
state. It should normally only be used in nW/DSI 
mode after the ST5410 has been put in a known 
state, e.g. in an LT after a DI status indication has 
been reported. 


1000 (AR) Activation Request. 

Being in inactive Power Up state, AR instruction 
forces UID through the appropriate sequence to 
activate the line. 


1100 (Al) Activation Indication. 
The Al code is an optional command recognised 


ST5410 


only when the second break point BP2 is enabled 
giving the authorization to set the act bit equal one 


1111 (DI) Deactivation Indication. 

When line is fully deactivated the DI command 
allows UID to enter power down state. DI is recom- 
mended in GCI mode. 


LT mode: Indication. 


0000 (TIM) Timing required (GCI only) 

The TIM code acnowledges PUP command in the 
case where the UID was previously in the Power 
Down state. 


0100 (El) Error Indication. 

El code indicates that a transmission error or a act 
bit equal zero has been received on the loop. In the 
first case, UID will enter automatically RESET state 
waiting for a further Cold Start and a DI primitive 
will be sent. El also indicate that act bit has been 
received equal 0, UID being in the activate state. 


0110 (SYNC) Synchronization Indication. 
SYNC code is sent to indicate that ST5410 is 
superframe synchronized. 


1000 (AP) Activation Pending. 

AP code indicates that TE side is attempting to 
activate the loop. UID waits AR command to send 
SL1. 


1100 (Al) Activation Indication. 

The Al code indicates that the UID has received 
SNS signal with act bit set to one. That means that 
the TE side of the loop relative to the UID is acti- 
vated. 


1111 (DI) Deactivation Indication. 
The DI code indicates that the UID has entered the 
Deactivated state . 


Activation/deactivation sequencing 
Activation/deactivation signals onto the line are in 
accordance with the activation/deactivation state 
matrix given in Appendix A. 

The startup procedures are in accordance with the 
T1.601-1988 and ST/LAA/ELR/822 procedures. All 
the timers defined in the standard are on chip. It is 
possible in any case to disable the 15sec timer 
replacing it with an external soft timing. 

Refer to T1.601-1988 document for standard pro- 
cedures description. 
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Table 3. 


INTERNAL REGISTERS 
COMMAND REGISTERS 
FUNCTION 


No Operation (NOP) 


OPR Ww 
R 
CR1 Ww 
R 
CR2 Ww 
R 
CR3 W ) 
R 0 
TXB1 TSA Ww 0) 
R 0 
TXB2 TSA Ww 0 
R 0 
RXB1 TSA Ww 0 
R 0) 
RXB2 TSA W 0 
R 0 
TXD Ww 0 
R 0 
RXD Ww 0 
R 0 
TXM4 W 0 
TXM56 W ) 
ACT Register W 0 
ECO1 W 0 
BEC1 R 0 
Tx EOC Register w] ° 


Note 1 bit 7 of byte 1 is always the first bit clocked into the device. 
Note 2: In the Tx EOC Register: 

E = eal, the msb of the EOC destination address; 

F = ea2, bit 2 of the EOC destination address; 

G = ea3, the Isb of the EOC destination address, 

H = dm, the EOC data/message mode indicator. 


Note 3: X= don't care (it is recommended that these bits be set = 0). 
Note 4: M42 in TXM4 only significant in LT mode 
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Table 3: (continued) 


STATUS REGISTERS 
FUNCTION BYTE 1 BYTE 2 
76543210 7 6 5 4 3 2 1 0 


READABLE CONFIGURATION REGISTERS 


Default (No Change ona 
Write cycle) 


OPR Contents 

CR1 Contents 

CR2 Contents 

CR3 Contents 

TXB1 Contents 
TXB2 Contents 
RXB1 Contents 
RXB2 Contents 
TXD Contents 

RXD Contents 

REGISTERS WHICH GENERATE SPONTANEOUS INTERRUPTS (NOTE 2) 
RXM4 01000 000 M41 M42 M43 
RXM56 Spare Bits 01000010 0 ES2 ES! 
ACT Indication Reg 01000100 

BECi1 (Note 3) 01000110 

Rx EOC Register (Note 4) O0i101EFGH 


Note 1: bit 7 of byte 1 1s always the first bit clocked out from the device. 


Note 2: All these Registers, with the exception of the EOC Register, set bit 0 of byte 1 as follows: bit O=0 when the register Is read in re- 
sponse to an Interrupt; bit O0=1 when reading back the register in response to a readback command. 


Note 3: BEC1 may be polled, via the appropriate read command (see Table 1), at any time to read the current error count. When reading tn 
response to a spontaneous interrupt, the data byte ts always X’00. 
Note 4: In the Rx EOC Register: 
E = eal, the msb of the EOC destination address; 
F = ea2, bit 2 of the EOC destination address; 
G = ea3, the Isb of the EOC destination address; 
Note 5° ES1, ES2 (RXM56) not significant in pW mode. 
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INTERNAL REGISTERS DESCRIPTION. 


Here following a detailed description of ST5410 
internal registers. 


Internal registers can be accessed: 


a) In GCI mode, according to the monitor channel 
exchange rules. 


b) in pxW/DSI mode, using the MICROWIRE inter- 
face according to the rules described in section "UW 
control interface”. 


By default: 

1) When not stated the registers are read-write. 

2) Superframe formats (according to AN51 Std) are 
reported in table 2 and 3. 


Overhead bits programmable register (OPR) 
After reset: OOH 


[oie [ ete [ re [ot [oso [oci]oco] 0 


CIE Near-End CRC Interrupt Enable: 

CIE=1: the RXM56 register is queued in the 
interrupt register stack with nebe bit set 
to zero each time the CRC result is not 
identical to the corresponding CRC re- 
ceived from the line. If in two or more 
consecutive superframes, an error is de- 
tected, two or more interrupt cycles are 
issued. 

no interrupt is issued but the error detec- 
tion remains active for instance for on 
chip error counting. 


CIE = 0: 


EIE Error counting Interrupt Enable: 


EIE=1: an interrupt is provided for the counter 
which goes in overflow (FF). 
EIE=0: nointerruptisissued. It is feasible to read 


the counters even if no relevant interrupt 
has been provided. 


OB1, OBO Overhead Bit processing: 

select how each spare overhead bit received from 
the line is validated and transmitted to the system. 
RXM4 and RXM56 registers are independently pro- 
vided onto the system interface as for the eoc 
channel. Spare overhead bits are validated inde- 


pendently. 
OB1 OBO 
9) O each super frame, a signal is gener- 
ated for the RXM4 or the RXM56 reg- 
ister. Spare bits are transparently 
transmited to the system. 
0 1 asignal is set at each new spare over- 
head Bits received. 
1 0 asignal is set at each new spare over- 


head Bits received and confirmed 
once. ( two times identical). 


1 1 asignal is set at each new spare over- 
head Bits received and confirmed 
twice. (three times identical). 


If new bits are received at the same time in M4 and 
M56, both registers RXM4 and RXM56 are queued 
in the interrupt register stack. 

Bits act, dea are dedicated to the activation proce- 
dure. Validation is always done in accordance with 
the ANSI rule: validation at each new activation bit 
received and confirmed twice independently from 
the above rules. These bits are taken into account 
directly by the activation decoder. An interrupt is not 
generated for the RM4 Register when one of these 
bits changes. 


OC1, OCO eoc channel processing: 

select how a received eoc message is validated and 
transmitted to the system. 

The eoc message is signaled: 

- in pW/DSI mode: on the control interface by an 
interrupt 

- in GCI mode: on the Monitor channel. 


OCi OC0 
FIE FEBE Interrupt Enable: 0 0 
; ; ; every half a super frame, a signal is 
FIE=1: the RXMS56 register ea Into re generated for the RXEOC register. 
interrupt register stack eacn time the eoc channel is transparently transmit- 
febe bit is received at zero in a super- 
ted to the system. 
frame. If in two or more consecutive su- ; 
perframes, febe bit is received equal 0 1 a signal is set at each new eoc mes- 
zero, two or more interrupt cycles are sage received. 
issued. 1 0 a signal is set at each new eoc mes- 
FIE=0: nointerruptis issued but the receive febe Sage received and confirmed once. 
bit remains active for on chip error count- (two times identical) 
ing 1 1 a signal is set at each new eoc mes- 
sage received and confirmed twice. 
(three times identical). 
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Configuration register 1 (CR1) 


Fri | Fro | ck2 | ckt | cko | DDM| CMs | BEX_ 


FF1, FFO Frame Format Selection: 
Refer to fig.1. 


FF1 FFO 

0 0 Format 1 
0 1 Format 2 
1 0 Format 3 
1 1 Format 4 


CKO-CK2 Digital Interface Clock select: 
CKO-CK2 bits select the BCLK output frequency 
when DSI clocks are outputs. 


CK2 CKi CKO BCLK frequency: 
0 ) 0 256KHz 
0 0 1 512KHz 
0 1 0 1536KHz 
0) 1 1 2048KHz 
1 X X 2560KHz 


DDM Delayed Data Mode select: 

Two different phase-relations may be establish be- 

tween the Frame Sync input and the first bit of the 

frame on the Digital Interface: 

DDM = 0: Non delayed data mode (not available in 
Format 2) is similar to long frame timing 
on the COMBOI/II series of devices: The 
first bit of the frame begins nominally 
coincident with the rising edge of FSa/b. 
When output, FSa starts with the first 8 
bits wide time-slot while FSb with the 
second 8 bits wide time-slot. 

DDM = 1: delayed data mode (not available in For- 
mat 4): which is similar to short frame 
sync timing on COMBO I/II, in which the 
FSa/b input must be set high at least a 
half cycle of BCLK earlier the frame be- 
ginning. When output, FSa pulse indi- 
cates the first 8 bits wide time-slot while 
FSb indicates the second. 


CMS Clocks Master Select: 

CMS = 0: BCLK, FSa and FSb are inputs; BCLK 
can have in Format 1, 2 and 3 value 
between 256KHz to 4048KHz, value in 
Format 4: 512KHz to 6176KHz. 

CMS = 1: BCLK, FSa and FSb are outputs; FSa is 
a 8 kHz clock pulse indicating the frame 
beginning, FSb is a 8 kHz clock pulse is 
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indicating the second time-slot. BCLK is 
a bit clock signal whose frequency bits 
CK2-CKO. 


BEX B channels Exchange: 
BEX =0: B1 and B2 Tx/Rx channels are associat- 
edwith B1 and B2 registers respectively. 


BEX = 1: B1 and B2 channels are exchanged. 


Configuration register 2 (CR2) 


ses [ws ]owo)sen] | 6 [ore] 


SFS Super Frame Synchronization Select: 

Significant in LT mode only. 

SFS =0: SFS is an input that synchronizes the 
transmit frame counter of ths GSC board 
(timing to be precised). 

SFS =1: SFS is an output issued from the free- 
running Transmit Frame counter of the 
GSC board. in NT mode SFS is always 
an output. 


NTS LT / NT mode Select. 
NTS =0: LT mode selected 


NTS =1: NT (NT1, NT2, TE) mode selected 


DMO D channel Transfer mode Select. 

Significant only when DEN=1. 

DMO = 1: D channel data is shifted in and out on 
Dx and Dr pins in continuous mode at 16 
kbit/s on the falling and rising edges of 
DCLK respectively. 

DMO = 0: D channel data is shifted in and out on 
Dx and Dr pins in a multiplexed mode at 
the BCLK frequency on the falling and 
rising edges of BCLK respectively when 
the assigned time-slots are active. 


DEN D channel port Enable. 

DEN =0: Dchannel port disabled. D bits are trans- 
ferred on Br and Bx; Multiplexed mode is 
selected automatically. Test port (TA, TD, 
TCLK) is selected and may be activated 
by a Test instruction. 

DEN =1: The D channel port (DX, DR, DCLK) is 
selected. D bits are transferred on Dr and 
Dxin a mode depending on DMO bit 
setting. Test port is disabled. 


DD 2B+D Data channel Disable. 

DD =0: 2B+D channel transfer is enabled as 
soon as the line is completly synchro- 
nized. 

DD =1: 
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2B+D channel transfer is idle; 2B+D bits transmitted 
to the line are ones or zero depending on configu- 
ration respectively selected. 2B+D bits on the Digi- 
tal Interface are in 


the high impedance state. Asecond level 
of transparency control is provided for 
each channel independently from the 
others when format 3 is selected. See 
bits EB1, ED and EB2 in TXB1 and TXB2 
configuration registers. 


BP2 Break Points. 

Significant only when NTS=0 (LT selected). 

BP2 = 1: abreak point in the activation sequencer 
is enabled after the UID has detected 
that NT was activatsd avoiding automatic 
response by act bit = 1. 

BP2=0: the break point is disabled allowing auto- 
matic activation sequencing. 


Configuration register 3 (CR3) 
After reset: OOH 


rat [ie [iso [oer [owe [aaa] ve | — 


LB1, LB2, LBD Line side Loopback select. 

When set high they turn each individual B1, B2, or 
D channel from the Line receive input to the Line 
transmit output. They may be set separately or 
together. The loopback is operated close to Bx and 
Br (or Dx and Dr if the D port is selected). 


DB1, DB2, DBD Digital side Channel Loopback 
select. 

When set high they turn each individual Bi, B2, or 
D channel from the Digital Interface receive input to 
the Digital Interface transmit output. They may be 
set separately or together. The loopback is oper- 
ated close to Bx and Br (or Dx and Dr if D port 
selected). 


TLB Transparent Loopback select 

TLB =0: loopback are non transparent when line 
side loopback is set, data transmitted 
onto the digital interface is forced to one. 
When digital side loopback is set data 
transmitted onto the line is forced to one 
or zero depending on NT or LT configu- 
ration respectively. 


TLB=1: 2B+D is transparently transferred 
through the UID. 


Configuration register TXB1 
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Significant only when format 3 selected. 
After reset: OOH 


Tis [ise es [ase [ss 


TS5-TSO Transmit B1 Time Slot Assignment 
Those bits define the binary number of the transmit 
Bi channel time-slot on Bx input. Time slot are 
numbered from 0 to 63. The register content is 
taken into account at each frame beginning. 


Configuration register TXB2 
Register significant only when format 3 selected. 
After reset: 01H 


se ere [rae 


TS5-TSO Transmit B2 Time Slot Assignment 
Those bits define the binary number of the transmit 
B2 channel time-slot on Bx input. Time slots are 
numbered from 0 to 63. The register content is 
taken into account at each frame beginning. 


Configuration register RXB1 
Register significant only when format 3 selected. 
After reset: OOH 


jes [co [155 [rs | [ree [rs [eo 


EB1 B1 channel transparency 
EBi=1: B1 channel transparency enabled. 


EB1=0: B1 channel transmitted forced to one or 
zero depending on NT or LT configura- 
tion and forced the selected B1 channel 
time slot on Br output in the high imped- 
ance state. 


ED D channel transparency enabling 
ED=1: enables the D channel transparency. 


ED =0: forces the D channel transmitted onto 
the line to one or zero depending on NT 
or LT configuration respectively and 
forces the selected D channel time slot 
on Br or Dr output in the high impedance 


state 


TS5-TSO Receive B1 Time Slot Assignment 
TS5-TSO bits define the binary number of the re- 
ceive B1 channel time-slot on BR output. Time slot 
are numbered from 0 to 63. The register content is 
taken into account at each frame beginning. 
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Configuration register RXB2 
Register significant only when format 3 selected. 
After reset: 01H 


ese] [res [0 [0 [2 [1 [0 


EB2 B2 channel transparency 

EB2=1: enables the B2 channel transparency. 

EB2=0: forces the B2 channel transmitted onto 
the line to one or zero depending on NT 
or LT configuration respectively and 
forces the selected B2 channel time slot 
on Br output in the high impedance state. 


TS5-TSO Receive B2 Time Slot Assignment 
Those bits define the binary number of the receive 
B2 channel time-slot on BR output. Time slot are 
numbered from 0 to 63. The register content is 
taken into account at each frame beginning. 


Configuration register TXD 
Significant only when format 3 is selected with the 
D channel Digital interface selected in the multi- 
plexed mode: 
After reset: OCH in GCI 

O8H in pW/DSI 


[oso [oe [oa [on [ow [on [oe 


DX5-SX0 Transmit D channel Time Slot Assign- 
ment 

DX5-DX0 and SX1-SXO0 bits define the binary num- 
ber of the transmit D channel time-slot. DX5-DX0 
bits define the binary number of the 8 bits wide 
timeslot. Time slot are numbered from 0 to 63. 
Within this selected time slot, SX1,SX0 bits define 
the binary numbar of the 2 bits wide time-slot. Sub 
time-slots are numbered 0 to 3. The register content 
is taken into account at each frame beginning. 


Configuration register RXD 
Significant only when format 3 is selected with the 
D channel Digital interface selected in multiplexed 
mode. 
After reset: OCH in GCI 

08H in npW/DSI 


os [ore [ ra] ome [ome om [ser [re 


DR5-SRO Receive D channel Time Slot Assignment 
DR5-DRO and SR1-SRO bits define the binary num- 
ber of the receive D channel time-slot. DR5-DRO 
bits define the binary number of the 8 bits wide 
timeslot. Time slot are numbered from 0 to 63. 
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Within this selected time slot., SR1,SRO0 bits define 
the binary number of the 2 bits wide time-slot. Sub 
time-slots are numbered 0 to 3. The register content 
is taken into account at each frame beginning. 


Transmit M4 channel register (TXM4) 
(write only) 
After reset: 7FH 


[Ye is [ae [ws ne [a 


The TXM4 Register is constituted of 7 bits: m42, 
m43, m44, m45, m46, m47, m48. When the line is 
fully activated (super framing synchronized), the 
UID shall continuously send in the M4 channel field 
the register content to the line once per superframe. 
Register content is loaded in the transmit register 
at each superframe. 

m41 is the act bit. m42 in LT mode in the LT to NT 
direction is the dea bit. These activation bits are 
controlled directly by the on chip activation encoder- 
decoder. The corresponding bits in the TXM4 reg- 
ister are not significant. 


Transmit M5 and M6 channels register (TXM56) 
(write only) 
After reset: 3EH 


T= Tice [rs vt [nse [ow [ore 


LEC External Control pin 
The logical level of the output EC is directly control- 
led by the bit LEC (GCI mode only). 


m51, m61, m52 M5 and M6 spare over-head bits 
Those spare overhead bits are normally equal to 1. 
Default value can be changed by setting the respec- 
tive bits. 


feb Transmit febe bit control 

The febe bit which is normally at logical 1 and automat- 
ically set low in the following superframe when a CRC 
checking error has been detected in the previous re- 
ceived superframe may be forced to 0 by writing 0 in bit 
position feb. The febe bit set to zero is sent once to the 
line in the following available superframe. 


CTC Corrupted Transmit CRC Control 

CTC =0: allows the normal calculation of the CRC 
for the transmitted data to the Line 

CTC = 1: CRC result is transmitted inverted start- 
ing from next superframe. That ensure | 
transmission of a corrupted CRC. 
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Activation control register (ACT) 
(write only, pW only) 
After reset XFH 


fee ede eee eer ail 


This register is constituted of four bits: (C1, C2, C3, 
C4). In GCI mode, this register is directly adressed 
by means of the C/I channel. Activation Control 
instructions are coded on 4 bits. 


Transmit EOC register (TXEOC) 
(write only) 
After reset: FFFH 


sie ]os] | |e oa [=e [ oa [ oa [or [ow 


TXEOC Register is constituted of 12 bits. When the 
line is fully activated (Super framing synchronized), 
ST5410 shall continuously send into the EOC chan- 
nel field the eoc bits twice per superframe. TXEOC 
register is loaded in the transmit register at each 
half a superframe. 

The address of this register is composed only of 4 
bits. The W/R indicator is not needed. 


Receive spare M4 overhead bits register (RXM4) 
(read only) 
After reset: 7FH 


[Ye [a et [as] [a J 


RXM4 Register is constituted of 8 bits. When the 
line is fully activated (Super frame synchronized), 
ST5410 extracts the M4 channel bits. m41 is the act 
bit; m42 in NT mode is the dea bit these bits are 
under the control of the activation sequencer. No 
interrupt cycle is provided for the RXM4 register 
when a change on one of the activation bits is 
detected. 

When one of the remaining received spare bits is 
validated following the criteria selected in the Con- 
figuration Register OPR, the RXM4 register content 
is queued in the interrupt register stack. Activation 
bits status are also delivered. 


Receive m5, m6 overhead bits register (RXIM56) 
(read only) 
After reset: FFH 


Tes [esr Jos [ver [vei [ne 
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When the line is fully activated (super frame syn- 
chronized), ST5410 extracts the overhead bits. 
When one of the received spare bits m51, m61, 
m52 is validated following the criterias selected in 
the Configuration Register OPR, the RXM56 regis- 
ter content is queued in the interrupt register stack. If 
the FIE bit in OPR register is set high, the RXM56 
register content is queued in the interrupt register 
stack each time the febe bit is received equal zero 
with bit feb equal 0. 

The CRC received from the far-end is compared at 
the end of the superframe with the CRC calculated 
by the UID during that superframe. If an error is 
detected, the febe bit in the transmit direction is 
forced equal zero in the next superframe. If the CIE 
bit in the OPR register is set high, the RXM56 
register is queued in the interrupt register stack at 
each CRC error detected with bit neb equal zero. 
ES1,ES2 bits indicates the status of the inputs pins 
ES1,ES2 respectively. At each status change, the 
RXM56 register is queued in the interrupt register 
stack. 


Activation indication register (RXACT) 
(read only) 
Afterr reset: XHF 


po ft] foe fos | ce | ot | 


This Register is constituted of four bits: (C1, C2, C3, 
C4). In GCI mode, this register is directly connected 
to the C/I channel. At each activation status change, 
an interrupt request is queued in the interrupt reg- 
ister stack. In GCI mode, the C1-C4 bits are directly 
sent on the C/I channel. Activation Indication in- 
structions are coded on 4 bits according to activa- 
tion description. 


Block Error counter 1 (EC1) 
(read only) 
After reset: OOH 


[oa [ows [os [oo [oa [owe [oa [on 


This Register indicates the binary value of the Error 
up-counter 1. The register accounts for the febe and 
mebe errors. When counter goes in overflow (FF) , 
an interrupt is provided for the EC1 register with 
value FF. 
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Offset Block error control counter 1 register 
(EC1) read only 

(write only) 

After reset: OOH 


=T=[=[=[«le[a[o 


Block Error Counter 1 can be preset at a value given 
by Offset register EC1 Error. The counter is preset 
at that value each time the counter is read or when 
the preset value is loaded. 07-00 is the binary value 
of the error up-counter 1 offset. 
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Receive EOC register (RXEOC) 
(read only) 


emo] [|] =]5] 7] 


The RX EOC Register is constituted of 12 bits. 
When the line is fully activated (super frame syn- 
chronized) and when a eoc message is received 
and validated in accordance with the criteria se- 
lected in the Configuration Register OPR, the RX 
EOC Register is queued in the interrupt register 
stack. The address of this register is composed only 
of 4 bits. The W/R indicator is not needed. 

After each activation process, this register gener- 
ates an interrupt giving the first received EOC chan- 
nel content, even if itis a FFFH. 
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Table 4: Network-to-NT 2B1Q Superframe Technique and Overhead Bit Assignments. 
Overhead Bits (M4.Mg) 
235 236 
Mi Moe 


NT-to-Network superframe delay offset from Network-to-NT superframe by 60 + 2 quats (about 0.75 ms). 
All bits than the Sync Word are scrambled. 


Symbols & Abbreviations: 


‘ m= magnitude bit (second) tn quat 

"1"= reserve = reserved bit for future standard; set = 1 act= activation bit (set = 1 during activation) 
eoc = embedded operations channel crc= cyclic redundancy check’ covers 2B+D & M4 

a = address bit 1 = most significant bit 

dm = data/message indicator 2 =next most significant bit 

i= information (data/message) etc. 
SW = synchronization word | febe = far end block error bit (set = 0 for errored superframe) 
ISW = inverted synchronization word dea= deactivation bit (set = 0 to announce deactivation) 
s= _ sign bit (first) in quat uoa= (not used in this version) 

Note: 8 x 1.5 msec Basic Frames 12 msec Superframe 
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Table 5: NT-to-Network 2B1Q Superframe Technique and Overhead Bit Assignments. 


aie Fa Pi Overhead Bits (M1.Mg) 


= Basic 
Frame Frame 
Veer ae er Word oor 


| 2B4D | e0ca_| | e0ca2 | | e0cas | 


a ee oe 
a 
[4 [sw [250 | 200 | coer | eote | nim | ee | ores 

[sw [2540 | eocs: | cocw | eon | cso | ores | or 
[6 [sw | 28+ | eoten [coer | eoce | 1 | or | orm 
ee 


os aaa: Ea 


NT-to-Network superframe delay offset from a NT ———. - by 602 quats ec 0.75 ms). —_ bits — the 
Sync Word are scrambled. 


lO !rmM]— 


nh 


Symbols & Abbreviations: 
act = activation bit (set = 1 during activation) 
"{"= reserve = reserved bit for future standard, set = 1 PS1, PS2 = power status bits (set = 0 to indicate power problems) 
@0C = embedded operations channel ntm= NT tn Test Mode bit (set = 0 to indicate test mode) 
a = address bit on cso = cold-start-only bit (set = 1 to indicate cold-start-only) 
dm = data/message indicator crc = cyclic redundancy check: covers 2B+D & M4 
| = Information (data/message) 1 = most significant bit 
SW = synchronization word 2 = next most significant bit 
ISW = inverted synchronization word etc. 
S= sign bit (first) in quat febe = far end block error bit (set = 0 for errored superframe) 
m= magnitude bit (second) in quat sal = S/T interface activation bit. Used in restricted activation 


only (not used in this version) 
Note: 8 x 1.5 msec Basic Frames 12 msec Superframe 
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LINE CODING AND FRAME FORMAT 


2B1Q coding rule requires that binary data bits are 
grouped in pairs so called quats (see Tab.6). Each 
quat is transmitted as a symbol, the magnitude of 
which may be 1 out 4 equally spaced voltage levels 
(see Fig. 6). No redundancy is included and in the 
limit there is no bound to the Running Digital Sum 
(RDS), although scrambling controls the RDS in the 
pratical sense +3 quat referers to the nominal pulse 
wavwform specified in the ANSI standard. Other 
quats are deduced directly with respect of the ratio 
and keeping of the waveform. 


The frame format used in UID follows ANSI and 
French specifications (see Tab. 4 and 5). Each 
complete frame cosists of 120 quats, with a line 
baud rate of 80 kbaud/s, giving a frame duration of 
1.5ms. AQ quats sync-word defines the framing 
boundary. Furthermore, a Multiframe consisting of 
8 frames is defined in order to provide sub-channels 
within the spare bits M1 to M6. Inversion of the 
syncword defines the multiframe boundary. Prior to 
transmisssion, all data, with the exception of the 
sync-word,is scrambled using a self-synchronizing 
scrambler to perform the specified 23rd-order poly- 
nomial. Descrambling is included in the receiver. 
Polynomial is different depending on the direction 
TE to NT or NT to TE. 


Maintenance functions 


M channel 

In each frame there are 6 "overhead" bits assigned 
to various control and maintenance functions. 
Some programmable processing of these bits is 
provided on chip while interaction with an external 
controller provides the flexibility to take full advan- 
tage of the maintenance channels. See OPR, 
TXM4, TXM56, TXEOC, RXM4, RXM56, RXEOC 
register description fo details. New data written to 
any of the Overhead bit Transmit Registers is resyn- 
chronized internally to the next available complete 
superframe or half superframe, as appropriate. 


Embedded Operatione Channel (EOC) 

The EOC channel consists of two complete 12 bits 
messages per superframe, distributed through the 
M1, M2 and M3 bits of each frame. Each message 
is composed of 3 fields; a 3 bit address identifying 
the message destination/origin, a 1 bit indicator for 
the data mode i.e. encoded message or raw data, 
and an 8 bits information field. The Control Interface 
(Microwire or Monitor channel in GCl) provides 
access to the complete 12 bits of every message in 
TX and RX EOC registers. 


UID does not recognize the received and encoded 
messages e. g. send corrupted CRC, then the 
apprpriate command register instruction must be 
written to the device to invoke the relevant function. 


It is possible to select a transparent transmission 
mode in which the EOC channel can be considered 
as a transparent 2 kbit/s channel. See OPR register 
description for details. 


M4 channel 

M4 bit positions of every frame is a channel in which 
are trasmitted data bits loaded from the TXM4 
transmit register and from the on-chip activation 
sequencer once the superframe. On the receive 
side, M4 bits from one complete superframe are first 
valitated and then stored in the RXM4 Receive 
Register or transmitted to on-chip activation se- 
quencer. See OPR, TXM4 and RXM4 registers 
description for details. 


Spare M5 and M6 bits 

The spare bit positions in the M5 and M6 field form 
a channel in which are transmitted data bits loaded 
from the TXM56 transmit register. On the receive 
side, the spare bits in the M5 and M6 field are first 
validated and then stored in the RXM56 receive 
register. See OPR, TXM56 and RXM56 registers 
description for details. 


CRC calculation/checking 

In transmit direction, an on-chip CRC calculation 
circuit automatically generates a checksum of the 
2B+D+M4 bits using the specified 12th order poly- 
nomial. Once per superframe, the CRC is transmit- 
ted in the M5 and M6 bit positions. In receive 
direction, a checksum is again calculated on the 
same bits as they are received and, at the end of 
the superframe compared with the received CRC. 
The result of this comparison generates a "Far End 
Block Error" bit (febe) which is transmitted back 
towards the other end of the Line in the next bute- 
one superframe and an indication of Near End 
Block Error is sent to the system by means of 
Register RXM56. If there is no error in superframe, 
febe is set = 1, and if there is one or more errors, 
febe is set = 0. 


UID also includes an 8 bits Block Error Counter 
associated with the febe bits transmitted and re- 
ceived. Block error counting is always enabled but 
it is possible to disabled the overflow interrupt 
and/or to enabled/disabled the interrupt issued at 
each received or transmitted block error detection. 
See OPR register for details. 


32/53 
0 fr SES-THOMSOR 
Y/ imenogLectromes 


270 


$T5410 


Table 6: 2B1Q Encoding of 2B+ D Fields. 


ee ee 


Quat# (relative) | a | ow | ow | aw | 
# Bits 


# Quats 


Where:b11 = first bit of B1 octet as received at the S/T interface 
bis = last bit of B) octet as received at the S/T interface 
ba: = first bit of B2 octet as received at the S/T interface 
b23 = last bit of Bz octet as received at the S/T interface 
d; dz = consecutive D-channel bits (d1 is first bit of pair as received at the S/T interface) 
q. = ith quat relative to start of given 18-bit 2B+D data field. 


NOTE: There are 12 2B+D 18-bit fields per 1.5 msec basic frame. 


Figure 6: Example of 2B1Q Quaternary Symbols. 


time -—~ 


QuaTs -als3l+a4 a 4 a 
BITS e1l1el1tleelealzsl1eleeles 


Be +4 i +3 ps 4 


G81111/01/80)/16/16/01)11 
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LINE SECTION 


Data transmitted to the line consists of the 2B+D 
channel data received from the Digital Interface 
through an elastic data buffer allowing any phase 
deviation with the line, the activation/deactivation 
bits (M4) from the on-chip activation sequencer, the 
CRC code plus maintenance data (eoc channels) 
and other spare bits in the overhead channels (M4, 
M5, M6). Data are multiplexed and scrambled prior 
to addition of the sync-word, whiich generated 
within the device. A pulse waveform synthesizer 
then drives the transmit filter, which in turn passes 
the line signal to the line driver. The differential 
line-driver Outputs, LO+, LO- are designed to drive 
a transformer through an external termination cir- 
cuit. A 1:1.5 transformer designed as shown in the 
Application section, results in a signal amplitude of 
normally 2.5V pk on the line for single quats of the 
+3 level. However, because of the RDS accumula- 
tion of the 2B1Q line code, continuous random data 
will produce signal swings considerably greater 
than this on the line. Short-circuit protection is in- 
cluded in the output stage; over-voltage protection 
must be provided externally. 


In LT applications, the Network reference clock 
given by the FSa 8kHz clock input synchronizes the 
transmitted data to the line. The Digital Interface 
normally accepts BCLK and Fsa signals from the 
network, requiring the selection of Slave Mode in 
CRI. Retiming circuitry on chip allow the 15.36MHz 
crystal oscillator (or the logic level clock input on 
XTAL1) to be plesiochronous with respect to the 
network clock provided the sum of frequency inac- 
curacies, expressed in ppm deviation from nominal, 
of the network clock plus the XTAL1 one does not 
exceed 150ppm. 


In NT applications, data is transmitted to the line 
with a phase deviation of half a frame relative to the 
received data as specified in the ANSI standard. 


The receive input signal should be derived from the 
transformer by a coupling circuit aa shown in the 
Application section. At the front end of the receive 
section is a continuous filter which limits the noise 
bandwidth to approximately 200kHz. Then, a pre- 
canceller provides a degree of analog echo cancel- 
lation in order to limit the dynamic range of the 
composite signal which noise bandwidth limited by 
a 4th order butterworth switched capacitor low pass 
filter. After an automatic gain control, a 13bits A/D 
converter then samples the composite received 
signal before the echo cancellation from local trans- 


34/53 


mitter by means of an adaptive digital transversal 
filter. The attenuation and distortion of the received 
signal from the far-end, caused by the line, is equal- 
ized by asecond adaptive digital filter configured as 
a Decision Feedback Equlizer (DFE), that restores 
a flat channel response with maximum received eye 
opening over a wide spread of cable attenuation 
characteristics. 


A timing recovery circuit based on a DPLL (Digital 
Phase-Locked Loop) recovers a very low-jitter clock 
for optimum sampling of the received symbols. The 
15.36MHz crystal oscillator (or the logic level clock 
input) provides the reference clock for DPLL. In NT 
configuration, MCLK output provides a very low 
jitterized 15.36MHz clock to the system. 


Received data is then detected and flywheel syn- 
chronization circuit searches for and locks onto the 
frame and superframe syncwords. ST5410 is 
frame-synchronized when two consecutive 
synchwords have been consecutively detected. 
Frame lock will be maintained until six consecutive 
errored sync-words are detected, which will cause 
the flywheel to attempt to re-synchronize. If a loss 
of frame sync condition persists for 480ms the 
device will cease searching, cease transmitting and 
go automatically into the RESET state, ready for a 
further cold start. When UID is frame-synchronized, 
it is superframe-locked upon the first superframe- 
locked upon the first superframe sync-word detec- 
tion. No loss of superframe sync-word is provided. 


While the receiver is synchronized, data is de- 
scrambled using the specified polynomial, and indi- 
vidual channels demultiplexed and passed to their 
respective processing circuits: user’s 2B+D chan- 
nel data is transmitted to the Digital Interface 
through an elastic data buffer allowing any phase 
deviation with the Line; the activation/deactivation 
bits (M4) are transmitted to the on-chip cativation 
sequencer; CRC is transmitted to CRC checking 
section while maintenance data (eoc) and other 
spare bits in the overhead channels (M4, M5, N6) 
are stored in their respective Rx registers. 


In NT applications, if the Digital Interface is selected 
in master mode (see CR1) BCLK and FSa clock 
outputs are phase-locked to the recovered clock. If 
itis selected in Slave mode ie for NT 1-2 application, 
the on-chip elastic buffers allow BCLX and FSa to 
be input from an external source, which must be 
frequency locked to the received line signal ie using 
the XTA1 output but with arbitrary phase. 
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Figure 7: Normalized Output Pulse From NT1 or LT.. 


—0.4T 0.4T 


Normalized ae pes 
Level: 


re [oot || wes | osoess v | ~onaesa v | eee v 
| 1.05 || 2625v | os7sov_ | -08750v | ~2.625 V | 
[¢ | 100 || 2sv_ | sev | -sev | -25v | 
|0 | 0.95 || 2375v | o.7e1e7V | 0.79167 V | ~2.375V_ 
|E | 003 || oo75v | oo2sv | -o.025v | -0.075 v_ 
| -0.01 || 0.025 V | ~0.00833 V | 0.00833 V_| 0.025 V__ 


F 
G | -o12 |} -0o3v | -o1v | o1v | o3v 
H | -0.05 ||~0.125 v | ~0.04167 v | 0.04167 V 


T = 12.5 us 


G = —0.12 


—0.5T 0.5T 
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Line Interface Circuit 

It is very important, for compliance with the ANSI 
and French standard, that the recommended line 
interface circuit should be strictly adhered to. The 
channel response and dynamic range of this circuit 
have been carefully designed as an integral part of 
the overall signal processing system to ensure the 


Figure 8: Transformer Design. 


LINE SIDE 


(secondary) 


Turns Ratio: Np:Ns = 1:1.5. 

Secondary Inductance: Lp 27mH. 

Winding Resistances: 30 ohms > (2.25Rp + Rs) 
> 10 ohms. 

Return Loss at: 40 kHz against 135 ohms 26 GB. 
Saturation characteristics: THD -—70dB when 
tested with 50mA d.c. through the secondary anda 
40kHz sine-wave injected into the primary ata level 
which generates 5V p-p into 1385 ohms at the 
secondary. 


List of suppliers: 


performance requirements are met under all the 
specified loop conditions. Deviations from this de- 
sign are likely to result in sub-optimal performance 
or even total failure of the system on some types of 
loops. 


DEVICE SIDE 
(primary) 


Table 7. 


98 ae #34 AWG 
120+120 Bifilar #36 AWG 
62 Single #34 AWG 


aa INDUCTANCE | RESISTANCE 


1-2 +3-4 12 mH less than 5 ohms 
5-6 + 7-8 27 mH less than 10 ohms 


SHOTT Note: ne split primary winding is designed to minimize leakage in- 
PULSE ENGINEERING ductance 
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Board Layout 

While the pins of the UID are well protected against 
electrical misuse, it is recommended that the stand- 
ard CMOS practise of applayng GND to the device 
before any other connections are made should 
always be followed. In applications where the 
printed circuit card may be plugged into a hot socket 
with power and clocks already present, an extra 
long ground pin on the connector should be used. 
Great care must be taken in the layout of the printed 
circuit board in order to preserve the high transmis- 
sion performance of the ST5410. To maximize per- 
formance, do not use the philosophy of separating 
analog and digital grounds for chip. The 3 GND pins 
should be connected together as close as possible 
to the pins, and the 2 VCC pins should be strapped 
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together. All ground connections to each device 
should meet ata common point as close as possible 
to the 3 GND pins order to prevent the interaction 
of ground return currents flowing through a com- 
mon bus impedance. A decoupling capacitor of 
1.5uF should be connected from this common point 
to VCC pins as close as possible to the chip. Taking 
care with the board layout in the following ways will 
also help prevent noise injection into the receiver 
frontend and maximize the transmission perform- 
ances. Keep the crystal oscillator components 
away from the receiver inputs and use a shielded 
ground plane around these components. Keep the 
device, the components connected to LI+/LI- and 
the transformer as close as possible. Simmetrical 
layout for the line interface is suggested. 
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Figure 9: Recommended Connections. 


33pF 15.36MHz 33pF 
POWER FEEDER 


XTAL2 XTAL4 


| 


LINE 
TRISIL 


N91STS418-13 
8.1% MATCHING 1S REQUIRED TO MEET THE LONGITUDINAL BALANCE SPECIFICATION 
THE 1Sohm AND 41K RESISTORS IN THE INTERFACE CIRCUIT SHOULD BE 41%. 


33pF 15.36MHZ 33pF 


POQUVER FEEDER 


XTALZ XTAL1 


N91STS418-14A 
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NOSWOHL-SIS Iky 


SOINOELITTIOUIIN 


€S/6E 


| 


LINE 


TRISIL 


POWER FEEDER 


1S. 36MHz 


U 


<TAL2 
LOrt 


XTAL1 


MULT ST 
BE-B7 


cs 


R/U 


STS451 


HOLC/GCI 
CONTROLLER 


GNO Uec 


GNO Vee 


CSN DATA BUS 


GSM ADORESS BUS 
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APPENDIX A 
State Matrix 
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Power | Full EC WAIT | CHECK EC SW ISW Deact'n Tear Pending Recv 


[serene | pa far [we | s Ps Po Ps [oo [oe 


ae 


| LOSS OF POWER OF POWER 
ACTIVATION ST T5 
REQUEST (AR) J2 
DEACTIVATION 
REQUEST (DR) 
END OF TONE 
TL (3 ms) 


RECEIVED TONE TN 
and ACTIVATION 
REQUEST (AR) 


LOSS OF 

SIGNAL ENERGY 

ECHO CANCELLER 4.1 
CONVERGED 


SUPERFRAME 
SYNC (ISW) 


RECEIVED 

act=0 

RECEIVED J8 

act = 1 Al 

LOSS OF SYNC 2 : Te 

(> 480 ms) 

STT7 | STT7 |] STT7 

LOSS OF SIGNAL 
ea Bognoon et |e |e iza0m 
SUPERFRAME WITH 
dea = 0 (4th) 

EXPIRY OF TIMER Zien ae Es J10 J10 ee J10 J10 

T5 (15 seconds) El El El El 

LOSS OF SIGNAL STT7 J1 
eee ee 

EXPIRY OF TIMER (**) Ji 

T7 (40 ms) 

DETECTION OF 

RESET COMAND / J10 J10 J10 J10 J10 J10 J10 

(RES) El EI El EI El El El 


te FAO command is needed to send act = 0 
**) When timer is enabled (default) 


END OF THE LAST 


ACTIVATION/DEACTIVATION FINITE STATE MATRIX IN LT MODE 
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Power Full WAIT | CHECK EC SW ISW | Pending Pending Tear TE Recv 


EVENT | STATE CODE | cope | Ho | Ho | 
sno | SNo | TN | SN1 | SNO | SNo | SNo | Sno | SUS | SNS ratte SNS SNe). “SNG 

}POWERON | 

ee eae eRe SE NEE 

RECEIVED S/T 


INFO 1 SIGNAL 
(Recerved AR) 


RECEIVED S/T 
INFO 3 SIGNAL 
(Recewved Al) 


RECEIVED S/T 
INFO 0 SIGNAL 
(Recewed El) 


END OF TONE 
TN (9 ms) 


RECEIVED TONE TL 
and ACTIVATION 
REQUEST (AR) 


ECHO CANCELLER 
CONVERGED 
BASIC FRAME 
SYNC (SW) 


SUPERFRAME 
SYNC (ISW) 
RECEIVED H7 


LOSS OF SYNC 
(> 480 ms) 


RECEIVED 
dea=0 
RECEIVED / / / 
act = 1 and dea = 1 
Hi0 Be ae H10 
El El 
STT6 | STT6 | STT6 | STT6 } STTE6 ST T6 
a cr ae H12 H12 or 
El El 
gig H10 H10 
El E| 
See 
By H10 H10 
El E| 


LOSS OF SIGNAL 
(> 480 ms) 


STT6 
oe 
EXPIRY OF TIMER (*) H10 H10 yn 
T4 (15 seconds) El El 
LOSS OF SIGNAL / / 
(< 40 ms) 


EXPIRY OF TIMER / ) / 
T6 (40 ms) 
DETECTION OF 
SIGNAL ENERGY 
RESET COMAND H10 | H10 Ne 
(RES) EI El 
*) When timer is enabled (default) 


ACTIVATION/DEACTIVATION FINITE STATE MATRIX IN NT MODE 
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APPENDIX B 
Electrical Parameters 
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ABSOLUTE MAXIMUM RATINGS 


| Symbol | Parameter | tue | Uit 
| vec | SuppyVoltage T0870 | 
| Vm | inputvoltage TC osto70 | 
| Ta | Operting TemperatureRange | tO 
| Tey | Storage TemperatureRange | 85H 1SO | 


TRANSMISSION ELECTRICAL PARAMETERS 


po Parameter tin. | typ. | Max. | unit _| 
| Differential inputResistance Ltt | ik 

Line Driver Load |LineDriverload — i iss—<—s | t00- | pF 
| Differential Output OffsetatLO+/LO- 80 | | mv_| 
[Power up Output iferenal impedance OK Banawahy |_| 1 |_| a 
| PowerDown Output Diffrential impedance | | 2 | te | 
a ee 


POWER CONSUMPTION 
Icco 


TRANSMISSION PERFORMANCES 


|TRANSMISSIONPERFORMANCES 
|TransmitPulse Amplifier 8 | 
|TransmitPulseLinearty 8 | BC 


Transmit Pulse Linearit 
Input Pulse Amplitude Differential Between Li+ and LI 


ELECTRICAL CHARACTERISTICS 


[Symbol| __—_Parameter__—|__—TestCondition _| Min. | Typ. | Max. | unit_| 
| Vu | inputLowVoltage Sf AllDiginputs_ | | | 
TVur_[ input High Votiage | albiginputs =i aa | iS) 
| Vix | InputlowVoltage | MCLKVXTAL Inputs | | | | 


Input High Voltage MCLK/XTAL Inputs Voc-0.5| | 07 | Vv 


VoL Output Low Voltage Br, lo=+7mA 0.4 V 
All other Dig 
Outputs, |O=1mA 


VoH Output High Voltage Br, lo=—-7mA : V 
All other Dig 
Outputs, lo =—-1mMA V 
All Outputs, 
lo =—-100A er V 


Ci ere Current Any Any Dig input, | Input, 
CS re 7 <Vin< Any Dig input, | 
loz Output Current in Br, INT, LSD, CO, DR LA 
High Impedance GND, Vout < Vcc 
State (TRISTATE) 
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TIMING CHARACTERISTICS 


[symbol| Parameter |__—TestGondition _—|_Min. | Typ. | Max. | unit _| 


MASTER CLOCK (timing diagram 15) 


FMCLK | Frequency of MCLK Including Temperature, 15.36 MHz 
Tolerance Aging, Etc... —100 +100 ppm 


(anes MCLK/XTAL Input Clock Jitter External Clock Source a 50 
{WMH | Clock Pulse Width, MCLK High Level} Vin = Vcc — 0.5V | 2 | Tons 
Clock Pulse Width, MCLK Low Level _| Vit= 0.5V 2 ee ae ee 


tRM Rise Time of MCLK Used as a Logic Input 10 
tFM Fall Time of MCLK 10 


DIGITAL INTERFACE (timing diagrams 1 to 12 
256 4095 KHz 


) 

Format 4 and GCI Mode 
30 
| tWBL_| Clock Pulse Width, BCLK Low Level__| MeasuredfromVutoVa | 30 | | | _ins__ 
| tRB | RisaeTimeofBCLK | MeasuredfromVitoVw | | ~—s| 15 ~| sons _| 
| tFB | FallTimeofBCLK | Measured fromVintoVn | Ss | Sst 15 |_| 
| SFB | Setup Time, FS High or LowtoBCLK Low| DSlorGCiSlaveModeonly| 30 | | | ns __ 
| tHBF | Hold Time, BCLK Low to FS High or Low| DSlorGClSlaveModeonly| 20 | | —|_ns__ 
| {DBF _| Delay Time, BCLK High to FS High or Low| DSlorGCiMasterModeonly| -20 | | 20 | ns __ 
Delay Time, BCLK High to Data Valid | Load=150pF+2LSTTLLoads | | —s|_ 80 | sons 
|tDBDZ | DelayTime,BCLKHightoDataHz | CT 8s 


Smee | pepe 
See Timing Diagram 9 

| tSDB_| Setup Time, DataValidtoBCLKLow |  — —CidTs«Ci | ST ts 

| tHBD | Holdtime,BCLKtoDatainvaid =| CC‘ OST CT Cos 

| DBT | Delay Time, BCLK HightoTSRLow | Load=100pF+21isTILLoads| ss | ~—S—s| 80 | ons 

| {DBTZ | DelayTime,BCLKLowtoTSRHZ | Cd 


pe 0: ne 
tDFT | Delay Tie, FS High to TSR Low Load = 100pF + 2 LSTTL Loads 
See Timing Diagram 12 


D PORT IN CONTINUOUS MODE: 16KBITS/SEC (timing diagram 13) 


| SDD | SetupTime,DCLKLowtoDXHighorLow| | cs] ns 
| HDD | HoldTime, DCLKLowtoDXHighorLow{ ns 
| tDDD_| Delay Time, DOLK High to DR High orLow| Load=S0pF+2LsTTLLoads| |_| 80 | ns 


MICROWIRE CONTROL INTERFACE (timing diagram 14) 


[FCCLK | Frequenyofcclk | 
| tWCH | Clock Pulse Width, GCLIK High Level_| Measured from Viwtovm | 85 | | |ons 
| tWCL | Clock Pulse Width, CCLK Low Level_| MeasuredfromVutoV. | 85 | | | ns_| 


| tRC | RiseTimeofCCLK | MeasuredfromVutoVn | =| | 15 | ns _| 
| tFC | FallTimeofCCLK | Measured fromVistoVn | Ss | —Ss|s 15 
| tSSC_| SetupTime,CSBLowtoCCLKHigh | —C‘iE:CS| Cd 
| tHCS | HoldTime,CCLKLowtoCSBHigh | —CiE:CiTSTsC 
tWSH | Durationof CSBHigh | C—“‘CSC*dS«CQ'~ || 
| tSic_| SetupTime,ClValidtoCCLKHigh | —“ié‘iL:C( HSC 
| tHCI | Hold Time,CCLKHightoClinvaid | —“(i‘iL:C ST 
| tDSO_| DelayTime,CSBLowtoCO Valid __| OutFirstBitonco ss || S| SC 
tDCO | Delay Time CCLK LowtoCO Valid | Load=50pF+2LSTILLoads}| | | 
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Figure 11: BCLK, FSA, FSB, SLAVE MODE, DELAYED MODE, FORMATS 1 2 3 (MW ONLY) 


FSA FSB 
INPUT INPUT 


Note 2 


= a LAST BIT OF THE FRAME FIRST BIT OF THE FRAME 


m i £ MIPSTSAIN-IT 
Note 1: in eccordance to the FSCLK frequency (see timing cheracteristics) 


Note 2: eny deloy (1 time bit modulo) can be use between FSA/EBX & FSB/BR 


Figure 12: BCLK, FSA, FSB, SLAVE MODE, NON DELAYED MODE, FORMATS 1 3 (MW ONLY) 


FSA FSB 
INPUT INPUT 


Note 2 


Bx BR 


MIPSTS419+-42 


Note 1: in accordance to the FBCLK frequency (see timing characteristics) 
Note 2: any delay [1 time bit modulo) can be use between FSA/EX & FSB/BR 
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Figure 13: BCLK, FSA, FSB, SLAVE MODE, FORMAT 4 ALWAYS NON DELAYED MODE, (MW and GCI 
MODE) 


R 
: LAST SIT OF THE FRAME FIRST BIT OF THE FRAME 
QuTPutT 


MGQETS4IG- 29 
Note 1: 1n a@ctcordance to the FECLK Frequency (see timing characteristics) 
Note 2: in AU mode. any delay (1 b1t modulo) can be Use between FSA/BX & FSB/8R 

in GCI mode. &X & BR eluays aligned. FSB does’nt exist: inside the 

device uses FSA 


Figure 14: BCLK, FSA, FSB, MASTER MODE, DELAYED MODE, FORMATS 1 2 3 (MW ONLY) 


BCLK 
puTeut 


FSA 
puTPUT 


FSB 
OUTPUT 


BX or BR NINTH OR ELEVENTH GIT 
INPUT = OUTAUT UF THE FRANE (Note 2} 
M9PSTS4ID- 42 


Note 22 in accordance th the selected frequency. High level duration -Loe level duration 
Note 2: minth for Format 21 & 3. eleventh for Farmet 2 
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Figure 15: BCLK, FSA, FSB, MASTER MODE, NON DELAYED MODE, FORMATS 1 3 (MW ONLY) 


8% or BR 2 SECOND G)3 EIGHTH BIT SIXTEENTH GIT OF 
eae Saeeut LAST BIT OF THE FRAME | FIRST GIT OF THE FRAME oF THE Feane|l of me FRAnE NINTH SIT OF THE FRAME a THE FRANE 


AZIZS1S$478-43 
Note 12 in eccordsnce to the selected Frequency. High level duration ~ low level) duretion 


Figure 16: BCLK, FSA, FSB, SLAVE MODE, FORMAT 4 ALWAYS NON DELAYED MODE, (MW and GCI 
MODE) 


BCLK 


Outeur 


FSA 
Outeur 
tOBF | toBrF 


FSB 


Outeur 


Bx or BR SECOND B1T || ELGHTH BIT SIXTEENTH BIT OF 
LAST BIT OF THE FRAN FIRST F 
INPUT OuTeuT sr Biro E Uo Te BO THEN ERATE. OF THE FRAME OF THE FRAME NUNTHOGET OF ATHE*E RAGE || THE FRAME 


92854 aa 
Note 1* tn eccordance to the selected frequency High level duration sLow level duration 1@ 
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Figure 17: BX, DX, BR, DR, SLAVE & MASTER, DELAYED & NON DELAYED, FORMATS 1 2 3 (MW 
ONLY) 


INPUT INPUT 


BR or DR j j 
DUTPUT DUTPUT 


Note 1: DX & OR if port D used 31n non Continuous mode 


Note 2: 1Ff the bit on SR or OR 1s the First of the Frame. 
see special case TIMING OIAGRANM Fig. 19 when the non delayed mode is selected 
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Figure 18: BX, DX, BR, DR, SLAVE & MASTER, FORMAT 4 ALWAYS NON DELAYED, FORMATS 1 23 
(MW & GCI MODE) 


oor ome 


TABLE 
INPUT INPUT 5 


Noted tD8D Note 2% 3 
BR or OR 


OUTPUT OUTPUT 
MS2S7T5 490-45 


: OX & OR 17 port O used in non continuous mode tin AV only} 
: if the bit on BR or DR 1s the first of the frame. 
See special TIMING OIAGRANM Fig. 19 


: 1m GCI mode. BR 18 an cpen drain output. tDBD can’t be applied 
for & transition low to high on 6R. 
Sa. the deley is: tO8O For se transataon high ta Jow on BR, 
tDBD2 for a transition low to high on BR tgiven by external pull up resistor) 


&r SGS-THOMSON ———__ “908 
4 wcRoELEcTROMCS 987 
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Figure 19: SPECIAL CASE BR, DR, ONLY FIRST BIT OF THE FRAME, IN SLAVE AND NON DELAYED 
MODES FORMATS 1 3 (MW MODE), FORMAT 4 (MW & GCI MODE) 


FSB or FSA_ Note 1 
INPUT INPUT 


Note 2 
BR or DR 


OUTPUT OUTPUT 


N92ST5418~47 
Note 1! in GCI mode. the SKHz reference for BR as FSA 


Note 2: DR can be concerned in format 3 if port D 1s used in no continuous mode 


Note 3: if FSB lor FSA in GCI mode) rises sooner than BCLK rising edge. 
tOFD 1s without effect 


Figure 20: TSRB, SLAVE & MASTER, DELAYED & NON DELAYED, FORMATS 1 23 (MW ONLY) 


BCLK 
INPUT or OUTPUT 


BR TIME SLOT 
INPUT 1 of 62 ies arr a 


tOsT 
Note 1 
TSRB 
OUTPUT 


Note 1:1f the time slot 681 or 82 18 the First of the Frame, 
see special] case TIMING DIAGRAN Fig. 22 when the non delayed mode 185 selected 
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Figure 21: TSRB, SLAVE & MASTER, FORMAT 4 ALWAYS NON DELAYED MODE (MW & GCl) 


BCLK 
INPUT or OUTPUT 


BR TIME SLDT 
elt B Tt 
OUTPUT 81 or 62 ale 


toBrT 


Note 1: 3 the time slot 81 or B2 18 the fag of the Frame. 
see specie] cese TIMING OIAGRAM Fig. 
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Figure 22: SPECIAL CASE TSRB, B1 OR B2 FIRST CHANNEL OF THE FRAME, IN SLAVE & NON 
DELAYED MODE, FORMATS 1 3 (MW MODE), FORMAT 4 (MW & GCI MODE) 


INPUT INPUT 


tOF T 


TSRB 
OUTPUT 


N928ST5418-S8 
Note 1: an GCI mode. the reference for time slot 81 & B2 on BR is FSA 


Note 2: if FSB for FSA in GCI mode) rises sooner than BCLK rising edge. 
tDFD is without eFfect 
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Figure 23: DCLK, DX, DR IN CONTINUOUS MODE SLAVE & MASTER, DELAYED & NON DELAYED 
MODES ALL FORMATS IN MW MODE ONLY 


125 MICRO-SECOND (Note 1) 


tobe 


ALWAYS OUTPUT 
tHOOD 


tO000 


CY 


NB2STS418°S1 


wor LAL IE 8 LLL KR LLL. 


Note 4: OCLK low level »« OCLK high level »« OCLK period/é 


Figure 24: MW PORT 


Note 1 


tuCe tRc tucH 


ge | 
—_ 


rneut se Coie XA XLII 


tDCO2Z 


HZ 
a 54 - 
accordance to the FCCLK frequency (see timing cheracteristics) Ze ehg Shere 
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Figure 25: MCLK ALL MODES 


MN$2875418-S3 
Note i: in atcordence to the FMCLK frequency tsee timing cherecteristics) 
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SID-GCI : S/T INTERFACE DEVICE WITH GCI 


PRELIMINARY DATA 


we SINGLE CHIP 4 WIRES 192kb/s TRANS- 
CEIVER FULLY COMPLYING WITH CCITT 
1.430 


a ISDN BASIC ACCESS HANDLING 144kb/s 
2B + D TRANSMISSION 
e GCI COMPATIBLE INTERCHIP INTERFACE 


pe ADAPTIVE AND FIXED TIMING OPTIONS 
FOR NT 


» CLOCK RESYNCHRONIZER AND DATA 
BUFFERS FOR NT2 

xs PROGRAMMABLE $1 AND Q CHANNELS 
HANDLING ACCORDING TO US ANSI 
STANDARD FOR LAYER 1 MAINTENANCE 

es EASILY INTERFACEABLE WITH ST5451 
HDLC & GCI CONTROLLER AND ANY 
OTHER GCI COMPATIBLE DEVICE 


DESCRIPTION 


The ST5421 (SID-GCl) is a complete monolithic 
transceiver for data transmission on twisted pair 
subscriber loops. It is bullt on SGS-THOMSON 
HCMOS 3A double metal advanced process, and 
requires only a single + 5V supply. All functions 
specified in CCITT recommendation 1.430 for 
ISDN basic access at the ’S’ and 'T’ interfaces 
are provided, and the device can be configured to 
operate either in TE (Terminal Equipment), in 
NT1 or NT2 (Network Termination) or in PABX 
line-card device. 


GCI interchip interface highly enhances device 
connection efficiency by multiplexing controls and 
data on the same bus and requiring only 4 pins. 
ST5421 implements all the GCI standard func- 
tions for Monitor and Control/Indicate channels, 
supporting up to 8 GCI peripherals in multiplexed 
mode. 


As specified in 1.430, full-duplex transmission at 
192kb/s is provided on separate transmit and re- 
ceive twisted wire pairs using inverted Alternate 
Mark Inversion (AMI) line coding. Various chan- 
nels are combined to form the 192kb/s aggregate 
rate, including 2 ’B’ channels, each of 64kb/s, and 
1 ’D’ channel at 16kb/s. In addition, multiframe 
transmission is provided in a switchable process- 
ing mode based on United State ANSI standard 
for Layer 1 maintenance. 800 bit/s message ori- 
ented data transmission is supported by S1 and 
Q channels. 


DIP20 PLCC28 
ORDERING NUMBERS: 


ST5421CP ST5421CFN 


PIN CONNECTIONS (Top views) 


_) PCKO/CLK 
11 [5 S1/FSb 
MNBOSTS421-B4 


PLCC28 


19 [] sovscuBus 


N 
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PCKOICLK [] 
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DESCRIPTION (Continued) the standard types of cable pairs commonly found 
as in premise wiring installations when tested with 
All 1.430 wiring configurations are supported by the noise sources specified in 1.430. 
ee ee ee esiiouiee Far-end Clock Resynchronizer automatically se- 
POMS POIE and Pont te Nu pet eeneee lected, data buffer ‘nd slave-slave mode allow 


Adaptive receive signal processing enables the 
device to operate with low bit error rate on any of seek NT2 trunk-card connected to several T 


BLOCK DIAGRAM 
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PIN DESCRIPTION 


= x. PLCC Description 
GND 24,25 |Ground Reference Voltage: all analog and digital signals are referenced to this 
Cae 


| Veo | 4,5 [Positive Power Supply Input 5V (+ 5%) relative to GND 


Master Clock or Crystal Oscillator Input: this pin requires either a 15.36MHz 
crystal (parallel resonant with Rs < 100 Q ) to be tied between this pin and 
XTAL2 or a logic CMOS level 15.36MHz clock from a stable source. When 
using a 20pF crystal, a total of 33pF load capacitance to GND must also be 
connected. In NT configurations. MCLK clock input doesn’t need to be 
synchronous with the Network Reference Clock (FSa). 


Crystal Oscillator Output. This pin should be connected to one end of the 
15.36MHz crystal, otherwise is not connected. (see MCLK/XTAL). 


Bit Clock: this signal determines the data shift rate at GCI. Data is shifted-in on 
Bx and shifted-out on Br at half the BCLK frequency. When NT/TES mode is 
selected, BCLK is an input which does not need to be synchronous with the 
Master Clock input (MCLK). 

When TEM is selected, BCLK is an output at frequency of 1536kHz. This clock 
is phase locked to the receive line signal and synchronous with FSa output. 


Frame Synchronization Clock: 8kHz clock which defines the start of the frame. 
In GCI slave (NT/TES) FSa is an input used as a network reference clock for 
S/T line. In GCI master (TEM) is an output applicable as a validation strobe for 
the first B channel. 


91/FSb $1 if MO = 1; is GCI laa ly number selection (input). 
FSb if MO = 0 and Mi = 0 (TEM): is a data strobe indicating the active slot for 
the second B channel on the GCI (output). 
In NT1 mode, MO = 0; M1 = 1, this pin is not used and must be left floating. 
Digital Input for GCI Channels: data to be transmitted to S line is shifted-in at 
half the BCLK frequency on the 2nd falling edge. 
al hd ha Digital Output for GCI Channel (OPENDRAIN): data is shifted-out at half the 


BCLK frequency on the transmit rising edges iy BCLK. 

In TEM mode DEN is an output, normally low, that pulses high to indicate the 
active time slot for D channel data at the Bx input. It is intended to be gated 
with BCLK to control the D channel shifting from a layer 2 device (i.e. ST5451) 
to ST5421 transmit buffer. Using ST5451 HDCL/GCI controller, no external 
circuitry is needed. In NT/TES mode this pin is not used and must be kept 
floating. 


An external pull-up resistor is needed. 
Not Connected 6,9,10, |Leave open on the board. 
12,20,21 


PCKO/CLK 12 17 PCKO IN TEM, LT/NT2, NT1 mode: 32 kHz clock output synchronized to GCI 
clocks. It 1s intended to synchronize DC/DC converter in TEM mode. 


CLK in TES mode: is a clock signal open drain output phased-locked to the 
receive S line signal and applicable as far-end clock reference. Its frequency is 
1536kHz compatible with 768kbit/s GCI data rate. An external pull-up resistor 
is needed. 


MO = 0: GCI mode selection; Time slot Assigner is selected on GCI channel 0. 

MO = 1: GCI in a multiplex mode; SO, S1, S2 pins define the GCI channel 
number allocated to ST5421. TES/NT2 selection is done with the configuration 
registers (input). 
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PIN DESCRIPTION (continued) 


S2/M1 S2 if MO = 1: GCI channel number selection (input). 


When MO = 0 Mi select TEM or NT1 mode: M1 = O selects TEM, M1 = 1 
_ ak 


selects NT1. 
= Lee: 
— 
LYLtt 19,20 27,28 


Table 1: Pin configurations 


SO if MO = 1; GCI channel number selection (input). 

BCL in TEM; bit clock output at 768kKHz compatible with COMBO families 
ETC5054/57. 

BUS in NT1; S Bus Configuration Selection: low for fixed timing recovery and 
high for adaptive timing recovery (input). 


Reset Pin: must be low at Power On Reset; after, a high pulse on this pin 
reset ST5421 in a state depending on the other configuration pins (input). 


Line Signal Detect: open drain output, normally high impedance, pulling low 
when SID-GCI is powered down and an S line signal is detected. 

It is applicable to wake up a microprocessor from a low power idle mode. 

LSD output goes back to high impedance when ST5421 is powered up. 


Transmit AMI signal differential outputs to the S/T line transformer; when used 
with an appropriate 2:1 step down transformer, the line signal conforms to the 
output pulse masks in CCITT 1.430. 


Receive AMI signal inputs from the S/T line transformer. They should be 
connected to an appropriate 1:2 or 1:1 transformer through a line coupling 
circuit to conform 1.430 recommendation. LI pin is also the internal voltage 
reference pin. 


NETWORK 
TERMINAL TERMINATION 1 
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NETWORK NETWORK 
TERMINAL TERMINATION 2 TERMINATION 1 


focrer | Tstsazal | |stsaza) UID : 
ee TES mode fis mode es ( 


[en eat] es a [NTT 
OS A 


MNBSSTS421-86 
111 differentiation between TES end LI/NT2 is done hy register programming. 


Default velue after reset is LT/NT2 In adaptive timing recovery configuration. 
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FUNCTIONAL DESCRIPTION 
POWER ON INITIALIZATION 


Following initial application of power, SID-GCI en- 
ters the power down de-activated state. 
RST input must be tied low during power-on. 


After Power on reset, all the internal 1.430 circuits 
including the master oscillator are inactive and in 
a low power state except for the line signal detec- 
tion circuit. 


After any period of activity a high pulse on RST 
reset completely SID-GCI. 


Configuration mode programming of SID-GCI is 
done by means of pins polarization and register 
programming. 

NT1 and TEM modes are defined only by means 
of 2 configuration pins MO, Mi at Power On Re- 
set. 


For NT2 and TES modes (M0=1), configuration 
has to be completed by means of a Control In- 
struction on Monitor channel prior a Power Up in- 
struction. 


POWER UP/DOWN CONTROL 


When TEM configuration is selected, ST5421 pro- 
vides GCI Clocks needed for control channel 
transfer. Power Up instruction is directly provided 
by pulling low the Bx data input. SID-GCI then re- 
acts sending GCI clocks. LSD- output pin can be 
directly connected to Bx data input for providing 
an automatic Power up when far-end attempts to 
activate. 

After a period of activity, Power down state is nor- 
mally re-entered by C/I control code DC (1111) 
while ST5421 is sending C/I indication code DP 
(0000); then ST5421 send twice C/| indication 
code DI(1111) before to power down. 

It is possible to force immediately power down 
state by using PDN (0001) C/I control code. 


When NT1 configuration is selected, ST5421 is 
powered up directly by receiving GCI clocks on 
BCLK and FSa input from the "U" device. The 
only way to power down ST5421 is to stop BCLK 
or FSa clock signal inputs. 

For example PDN (0001) C/I contro! code has no 
effect. 


When NT2 or TES configuration is selected, SID- 
GCI is powered up by the PUP code (0000) on 
C/l Control Channel. After a period of activity, 
Power down state is normally reentred by C/I con- 
trol code DC (1111) while ST5421 is sending C/| 
indication DI(1111). 

It is possible to force immediately Power down 
state by using PDN (0001) C/I contro! code. In 
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NT1, NT2 or TES mode, loss of GCI clocks auto- 
matically forces the power down state. 


POWER UP/DOWN STATE 


Following a period of activity in the power up 
state, power down state may be re-entered as 
described above. Configuration Registers remain 
in their current state. They can be changed by the 
GCI Monitor channel. 


The power down transition disables analog and 
1.430 circuitry, stops the Crystal Oscillator and all 
the clocks internally generated. Line Signal De- 
tector Circuit remains active allowing LSD-pin to 
pull low if a receive signal is detected. 


Power up transition enables all analog and 1.430 
circuitry, starts the Crystal oscillator and reset the 
state machine to the de-activated state. It also in- 
hibits LSD-output. 


LINE CODING AND FRAME FORMAT 


For both directions of transmission, Alternate 
Mark Inversion (AMI) coding with inverted binary 
is used, as illustrated in figure 1. 


This coding rule requires that a binary ONE is 
represented by a 0 current high impedance out- 
put, whereas a binary ZERO is represented by a 
positive or negative-going 100% duty cycle pulse. 
Normally, binary ZEROs alternate in polarity to 
maintain a d.c. balanced line signal. 


The frame format used in SID-GCI follows CCITT 
reccommendation in 1.430 and illustrated in figure 
2. Each complete frame consists of 48 bits, with a 
line bit rate of 192kbit/s, giving a frame repetition 
rate of 4kHz. A violation of the AMI coding rule is 
used to indicate a frame boundary, by using a 0+ 
bit followed by a O- balance bit to indicate the 
start of a frame, and by forcing the first binary 
zero following the balance bit to be of the same 
polarity as the balance bit. 


In the Network Termination (NT) to Terminal 
Equipment (TE) transmission direction, the frame 
contains in addition to the 2B+D basic access 
data, an echo channel, the E bit, which is used to 
retransmit the D bits that are received from the 
TE (s), and three extra channels: FA, M and S bit. 


In the TE to NT direction, the frame contains in 
addition to the 2B + D data, an extra channel, the 
FA bit. 


FA, M and S bits are used to set up a Q multi- 
frame channel in the TE or NT direction, and a S1 
multiframe channel from NT to TE. These 800bit/s 
message oriented channels are structured on the 
base of the United States ANSI standard specifi- 
cation for layer 1 maintenance. 
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Figure 1: Inverted AMI Line-coding Rule. 
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Figure 2: Frame Format 


NT to TE 
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48 bits in 250 microseconds _ 


; DI. 1.8! Bl B1B1BI BIBI BLE DAF, N B2B2B2B2 B2 82 B2 82 E 1D M BIBI BI BIBIB! BIBI E D S B2B2 B2B2B2B282B2E DL.FL. 


a — — — 


IEto NT 


DL. F L.BIBIBIB! Bl BIBI BIL DL .F, L.B2B2B2B282 82 B2 821..D L.BIBIB! BI BI BIBI Bi L.D L .B2B2 B2 B2 B2B2B2B2L.DL.F L, 


I = framing bit 

{ = DC balancing bit 

1) = P-channel bit 

L = D-echo-channel bit 

F, = Auxiliary framing bit ( = 0) 


N = bit set toa binary value N =1, 

BI = bit within B channel | 

B2 = bit within B channel 2 

A = bit used for aciivation 

S = Reserved for future standardization 
M = Multiframing bit 


Note Dots demarcate those parts of the frame that are independently 12C-balanced 
Note [hek, bitinthe direction PE to NP is used asa Q bit inevery fifth frame if the Q channel capability ts applied 


LINE TRANSMIT SECTION 


The differential line driver outputs LO+ and LO- 
are designed to drive a suitable transformer with 
an external termination resistor. A 2:1 trans- 
former, results in a signal amplitude of 750mV on 
the line which meets the 1.430 pulse shape for all 
the loads specified. 


When driving a binary 1 symbol, the output pre- 
sents a high impedance in accordance with 1.430. 
When driving a 0+ or O- symbol, the voltage lim- 
ited current source is turned on. 


Short protection is included in the output stage. 


Overvoltage protection is required externally. 


Depending on TE or NT selected configuration, 
192kbit/s data is transmitted on LO+,LO- by 
means of clocks respectively locked on the far- 
end received bit and frame clocks recovered from 
the line with two bit delay between transmit and 
receive frame, or locked with a fixed delay on the 
Frame Sync signal received from FSa input. 


LINE RECEIVE SECTION 


The receive input signal should be derived via a 
1:1 a or 1:2 transformer of the same type used for 
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the transmit direction. At the front end of the re- 
ceive section is a continuous filter which limits the 
noise bandwith. To improve the protection of the 
line interface and to comply with the receive input 
impedance specification even if power is lost, it is 
necessary to add 3 external resistors between the 
receive transformer and the LI+/LI- pins. 


To correct pulse attenuation and distorsion 
caused by the transmission line in point-to-point 
and extended passive bus applications, an adap- 
tive equalizer enhances the received pulse 
shape, thereby restoring a "flat" channel response 
with maximum eye opening over a wide spread of 
cable attenuation characteristics. 


This equalizer is always enabled when either TE 
or NT mode adaptive sampling is selected, but is 
disabled for NT short passive bus applications, 
when NT mode fixed sampling is selected. 


An adaptive threshold circuit maximizes Signal to 
Noise ratio in the eye at the detector for all loop 
conditions. 


A DPLL (Digital Phase-Locked Loop) recovers a 
low-jitter clock for optimum sampling of the re- 
ceived symbols. 


The MCLK input provides the reference clock for 
the DPLL at 15.36MHz. 


When the device is powered down, a Line Signal 
Detect circuit, able to discriminate a valid line sig- 
nal from noise, is enabled to detect the presence 
of incoming data. LSD-output pulls low to wake 
up the equipment. 


GCI INTERFACE 
General Description 


GCI interface is an European standardized inter- 
face to connect ISDN dedicated components in 
the different configurations of equipment as Ter- 
minals, Network Terminations, PBX, etc... 


In Terminal Equipments, this interface allows con- 
nection between SID-GCI and an associated 
ST5451 HDLC&GCI Controller used for 16kbit/s 
D channel processing and SID-GCI control. 
64kbit/s B1 and B2 channels are transferred on 
GCI interface providing direct connection for B 
channel processing peripherals like Programma- 
Settee COMBO ST5080 or extra ST5451 con- 
trollers. 


ST5421 


In NT2 or PBX line card, GCI interface permits 
connection of up to 8 SID-GCI onto a common 
serial multiplexed bus. Each SID-GCI is assigned 
to one GCI channel selected by hardware con- 
figuration. 


Figure 3 shows the Frame structure of a GCl 
channel. One GCI channel is structured in four 
subchannels: 
- B1 channel 8 bits 
- B2 channel 8 bits 
- Monitor (M) channel 8 bits 
- SC channel which is structured as follows: 
D channel 2 bits - 
C/I channel 4 bits 
A bit associated with M channel 
E bit associated with M channel 


B1,B2 and D channels are used to transfer 2B + 
D basic access data. 


M channel is used to read and write multiframe 
Si and Q channel messages and to configurate 
SID-GCI. Protocol! for byte exchange on the M 
channel uses the E and A bits. 


C/l (Control/Indicate) channel is used to ex- 
change "real time” primitives between the SID- 
GCI and the Controller as Activation/Deactivation 
codes. 


Physical Description 


The interface consists of 4 wires: 
Input Data: Bx 
Output Data: Br 
Bit Clock: BCLK 
Frame Synchronization: FSa 


Data is synchronized by BCLK and FSa signals. 
The latter insures reinitialization of a time slot 
counter at each frame beginning. Its rising edge is 
the reference for the first bit of the first GCI chan- 
nel. Data is transmitted in both directions at half 
the BCLK frequency, on the rising edge of BCLK 
and is sampled 1.5 period after the transmit rising 
edge. Unused channels are high impedance. 


In NT2 or PABX equipments, up to 8 GCI chan- 
nels (32 bits each) may be multiplexed on Bx and 
Br links used as a Serial bus for several devices. 
The channel number selection is made by pro- 
gramming pins SO0,S1 and S2 according to the fol- 
lowing rules: 


| sa | lt SC SOL ChannelNumber | ———sCTimesslots— 
0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 0 6 
1 | 1 7 
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Figure 3: GCI Interface Structure 
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BCLK frequency may be any value between 512 
and 61 76kHz. 


In TEM and NT1 configurations, the first GCI 
channels is automatically selected. 


In TEM configuration, due to SID-GCI recovery 
circuitry, a low jitter should be provided on FSa 
and BCLK clocks. FSa and BCLK are always in 
phase. The maximum value of jitter amplitude is a 
step of 65ns at each GCI frame (125us). The 
maximum high frequency jitter amplitude is 130ns 
pk-pk. 

For applications such as the network side of an 
NT2, eg, a PABX trunk card, TES mode allows 
the transmission side of SID-GCI to be a slave to 
the received frame timing while GCI is also in 
slave mode Elastic buffers which allow any phase 
relationship between FSa and |.430 frames and a 
clock resynchroniser circuit absorb jitter and low 
frequency wander up to at least 18us pk-pk at fre- 
quencies below 10Hz. 


Exchange Protocol on the C/I channel 


Exchange of information in the C/I channel runs 
as follows: 


Two devices connected on a GCI channel send 
each other a permanent four bit command code 
in the C/I field. The same code is sent at a 8kHz 
frequency as long as the content of the internal 
C/l register remains unchanged. 


When a change of C/] the command is initiated 
that is recognized by SID-GCI if detected in two 
consecutive frames. 


915421 will interpret the new code and send the 
corresponding control instructions on the S line or 
switch a local function as long as the correspond- 
ing action is required. 

An information change received from the S line or 
a local status change of SID-GCI set a new indi- 
cation code on the C/I channel. The code is sent 
at least in 2 consecutive frames. 


Table 2 gives the C/l codes meaning. C1 bit is 
first transmitted. 


Here after for each mode a list of recognized 
Control and Indicate codes is given. 


TEM mode: Control 


0000 (DR) : Deactivation Request 

In the Power Up state, DR’ instruction can be 
used as a Deactivation Request instruction to 
force transmission of INFOO on the S line. 


0001 (PDN) : Power Down Request. 

PDN instruction forces the device to the Power 
Down state after that DI (1111) has been sent 
in two consecutive frames. 


1000 (AR8) : Activate Request Class 8. 

AR8 instruction combines an Activation Re- 
quest, which initiates the Activation Sequence 
on the line, and a request to attempt to access 
the transmit D channel in the high priority class 
at the S interface after its complete activation. 
After activation of the S interface, Al8 indication 
is sent by ST5421. D channel access attempt is 
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Table 2: C/I Channel Coding 


| Code S| CTEM CS LT/NT2 
C1023 C4 tnd Com. 


| ind. | Com._| 


(x) codes reserved 


automatically processed for each HDLC frame 
to be transmitted without need for new Control 
Instruction. 

Except for code EOM, any further indication 
change on C/I as CON or El deactivates D 
channel access attempt at the S interface. A 
new AR8 instruction is needed to restart the 
procedure. 

Note : A new ARé® instruction means that if the 
controller was already sending AR8, it has to 
change first the code sent to ie DC (1111) and 
after change again to AR8. 


1001 (AR10) : Activate Request Class 10. 
Same meaning as AR8 command but request- 
ing access to transmit D channel with low prior- 
ity class. 

After activation of the S interface has been 
completed, Al10 indication is sent by SID-GCI. 


1010 (ARL) : Activate Request Loopback. 

ARL instruction operates a loopback of 2B + D 
channels from Bx input to Br output. It may be 
set when the device is either activated, in which 
case it is transparent (the composite signal is 
also transmitted to the line), or when it is deacti- 
vated in which case it is non transparent. 

Any change from ARL to another C/I command 
clears the loopback. 

When the complete loopback is activated, (AIL) 
code is sent by SID-GCl. 


1111 (DC) : Deactivation Control. 
DC instruction allows ST5421 to enter automat- 


ically the Power Down state if the S line is de- 
activated (DP sent by SID-GCl). When S line is 
not deactivated, DC has no effect. 


TEM mode : Indication 


0000 (DP) : Deactivation Pending Indication. 

DP code indicates ST5421 is powered up and 

that no identified signal has been detected on 

the S line. DP indication is sent when one of the 

following events occur : 

- Power Up has been completed and no signal 
is identified on the line, 

- after a period of activity, INFOO is detected on 
the S line, 

- the device being in status F4, F5, F6, F7 or, 
F8, a DR instruction is issued. 


0011 (EOM) : End of Message. 

EOM indicates that the closing flag of a D chan- 
nel message has been transmitted on S line in- 
dicating successfull completion of a packet 
sending. EOM is sent continuously until receiv- 
ing of a new AR8 or AR10 command or line 
status change. 

EOM code sending can be disabled via a Moni- 
tor channel instruction EID : (see table 3). 


0100 (El) : Error Indication. 

El indicates that a frame loss of has been de- 
tected on S line ; is sent when one of the follow- 
ing events occur : 

- being in the F6 or F7 states, detection of a 
loss of frame, (jump to F8). 
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- being in the F7 state, receiving of INFO2, 
(jump to F6). 


1000 (AP) : Activation Pending. 

AP indicates that INFO2 (or INFO4) frames 
have been identified on the line. 

AP indication is sent when one of the following 
events occur: 

- being in F2 deactivated state, detection of 
INFO2 or INFO4. 

- being in the loss framing state F8, detection of 
INFO2 


1001 (CON) : Contention Indication 

CON is sent when, during transmission of a 
packet in the D channel, a received E bit does 
not match the last transmitted D bit, indicating a 
lost collision. 

D channel access attempt is deactivated at the 
S interface. A new AR8 or AR10 instruction is 
needed to restart the procedure. 


1100 (AI8) : Activation Indication Class 8. 

Alg is sent when, following an AR8® instruction, 
the S line is completely activated (state F7). 
The D channel access procedure is set in the 
high priority class 8 (or 9). 


1101 (AI10) : Activation Indication Class 10. 
Al10 is sent when, following an AR10 instruc- 
tion, the S line is completely activated. The D 
channel access procedure is set in the low pri- 
ority class 10 (or 11). 


1110 (AIL) : Activation Indication Loopback. 
AIL indicates that the complete loopback re- 
quested by the instruction ARL is completed. 


1111 (Dl) : Deactivation Indication. 

DI is sent at least in two consecutive frames 
when, being in the S line deactivated state (DP 
indication sent by SID-GCl) DC control instruc- 
tion is received on C/I control channel. 

After that, SID-GCI is automatically powered 
down. 


TES mode : Control. 


0000 (PUP/DR) : Power Up Request/Deactiva- 
tion Request. 

When in Power Down, Power Up instruction 
powers up the device in the configuration pre- 
viously set. When in Power Up, PUP/DR can be 
used as a Deactivation Request instruction to 
force the transmission of INFOO on the line. 


0001 (PDN) : Power Down Request. 
PDN instruction forces the device to the Power 
Down state. 


1000 (AR) : Activate Request. 
AR instruction initiates the Activation Sequence 
on the line. It is recommended that an AR be 


delayed at least 2ms after the PUP instruction. 


1010 (ARL) : Activate Request Loopback. 
Identical to TEM mode. 


1111 (DC) : Deactivation Control. 
DC instruction allows ST5421 to enter automat- 
ically the Power Down state if the S line is de- 
activated (DI sent by SID-GCl). When S line is 
not deactivated, DC has no effect. 


TES mode : Indication. 


0000 (DP) : Deactivation Pending. 

DP code indicates ST5421 has been just pow- 
ered up and no signal has been identified on 
the line. 


0100 (El) : Error Indication. 
Identical to TEM mode. 


1000 (AP) : Activation Pending. 
Identical to TEM mode. 


1100 (Al) : Activation Indication. 
Al is sent when, following an AR instruction, the 
S line is completely activated in state F7. 


1110 (AIL) : Activation Indication Loopback. 
Identical to TEM mode. 


1111 (DI) : Deactivation indication. 
DI indication is sent when one of the following 
events occur: . 
- After a period of activity, INFOO is detected 
on the S line, 
- the device beeing in status F4, F5, F6, F7 
or F8, DR instructions is issued. 


NT1 mode : Control. 


0000 (DR) : Deactivation Request. 

DR command forces ST5421 through the ap- 
propriate deactivation sequence where INFOO 
is sent on the line. The device remains in the 
Power Up state. DI indication is sent. 


0100 (FI2) : Force Info 2 

Being in the activated state G3, Fl2 instruction 
forces the appropriate sequence to send INFO2 
on the line. If the S line is not completely acti- 
vated, Fl2 instruction has no effect. 


1000 (AR) : Activation Request. 

Being in the inactive Power Up state, sending 
INFOO, AR instruction forces SID-GCI through 
the appropriate sequence to send INFO2 on the 
line. It is recommended that an AR instruction 
sh oe at least 2ms after setting the GCl 
clocks. 
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1010 (ARL): Activate Request Loopback. 
Identical to TEM mode. 


1100 (FI4) : Force Info 4. 

An activation Request being in progress, F14 in- 
struction allows SID-GCI through the appropri- 
ate sequence to send INFO4 on the line. 


1111 (DC) : Deactivation Control. 
DC instruction has no effect on SID-GCI. 


NT1 mode : Indication. 


0000 (TIM) : Timing Requested. 

Being in Power down state, the LSD- output is 
pulled low to indicate that the far-end is at- 
tempting to activate the S interface. The device 
requests GCI clock signals. Receiving of GCI 
clocks powers up the SID-GCl, LSD- is freed, 
and TIM code is sent on the C/I channel. 


0100 (El) : Error Indication. 

E| code indicates that a loss of frame has been 
detected on the S line, ST5421 being previously 
activated. 


1000 (AP) : Activation Pending. 

AP code indicates that INFO1 frames have 
been identified of the line. The device is waiting 
for an activate request to send INFO2. 


1100 (Al) : Activation Indication. 
Al code indicates that the S line is activated. 
That means it is receiving INFOS. 


1111 (Dl) : Deactivation Indication. 

DI code indicates S line is completely deacti- 
vated: the device can be powered down switch- 
ing off GCI clocks. 


1110 (AIL) : Activation Indication Locpback. 
Identical to TEM mode. 


NT2 mode : Control. 

0000 (PUP/DR) Power Up Request/Deactiva- 
tion Request. 

When in Power Down state, PUP code powers 
up the device in the NT2 configuration pre- 
viously selected. When in Power Up state DR 
code forces the appropriate deactivation se- 
quence where INFOO is sent on the line. SID- 
GCI remains in Power Up state. 


0001 (PDN) : Power Down Request. 
Identical to TES mode. 


1000 (AR) : Activation Request. 

After a PUP instruction, AR forces the appropri- 
ate sequence to send INFO2 on the line. It is 
recommended that AR instruction is sent after 
receiving TIM indication.. 


ST5421 


1010 (ARL) : Activation Request Loopback. 
Identical to TEM mode. 


1100 (FI4) : Force Info 4. 

An Activation Request being in progress, FI4 in- 
struction puts ST5421 through the appropriate 
sequence to send INFO4 on the line. 


1111 (DC) : Deactivation Control. 

The DC instruction allows to enter the power 
down state if the S line is deactivated. 

DC control has no effect if SID-GCI not sending 
DI indication. 


NT2 mode : Indication. 


0000 (TIM) : Timing Requested. 

Being in Power down state, LSD- output is 
pulled low to indicate that far-end is attempting 
to activate the interface. SID-GCI requests GCI 
clocks followed by a PUP instruction. After re- 
ceiving, LSD- is freed and TIM is sent on C/I 
channel. 


0100 (El) : Error Indication. 
Identical to NT1 mode. 


1000 (AP) : Activation Pending. 
Identical to NT1 mode. 


1101 (Al) : Activation Indication. 
Identical to NT1 mode. 


1110 (AIL) : Activation Indication Loopback. 
Identical to TEM mode. 


1111 (Dl) : Deactivation Indication. 
The DI code indicates that the S line is com- 
pletely deactivated. 


EXCHANGE PROTOCOL ON M CHANNEL 


Protocol allows a bidirectional transfer of bytes 
between SID-GCI and a Controller (for example 
ST5451) with an acknowledgement at each re- 
ceived byte. 


Write cycle. 

The Controller sends to ST5421 control instruc- 
tion(s) coded on a single byte. It is possible but 
optional to write several control instructions in a 
single message. Control instruction bytes are 
structured as defined in Table 3. 


Read cycle. 

When a new validated Si or Q message is re- 
ceived from the line, the device send a single byte 
message as defined in table 4. If a new message 
is received from the S line before the previous is 
acknowledged by the controller end, this new 
message is lost. 
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Exchange protocol. 
The exchange protocol is identical for both direc- 
tions. 


The sender uses E bit to indicate that it is sending 
a M byte while the receiver uses A bit to acknow- 
ledge the received byte. 


When no message is transferred, E bit and A bit 
are forced to inactive state (i.e. high impedance). 


A transmission is initialized by the sender setting 
E bit in active state and sending the first byte on 
M channel in the same frame. Transmission of a 
message is allowed only if A bit received has 
been detected inactive in the last two frames. 


When the receiver is ready, it validates the re- 
ceived byte internally when it has been detected 
identical in two consecutive frames. Then, the re- 
ceiver set first A bit from inactive to active state; it 
is the pre-acknowledgement, and maintain A bit 
active at least in the following frame, it is the ac- 
knowledgement. 

lf validation is not possible, the two last bytes re- 
ceived not identical, the receiver abort the mes- 
sage by setting A bit active for one frame only. 


A second M byte may be transmitted by the 


Figure 4: Monitor messaging 
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(acknowledgement). If the receiver cannot vali- 
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pre-acknowledges normally but let A bit in the in- 
active state in the next frame which indicates an 
abort request. 


lf a message is aborted, ST5421 sends again the 
complete message until receiving acknow- 
ledgement. 

A received message is acknowledged or aborted 
without flow Control. 

Figure 4 gives the timing of a write cycle. The 
most significant bit of a Monitor byte is sent first of 
the M channel. E & A bits are active low and inac- 
tive state on Br is high impedance. 
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Table 3: Monitor Channel Instruction 


Functions 


Device Mode: 

NT Mode Adaptive Sampling (*) 
NT Mode Fixed Sampling 

TE Slave Mode (slave-slave) 
Monitoring Mode Activation 

TE Master Mode 


B Channel Configuration: 
B Channel Mapped Direct (*) 
B Channel Exchanged 

B1 Channel Enabled (*) 

Bi Channel Disabled 

B2 Channel Enabled (*) 

B2 Channel Disabled 


End of Messages Indication: 
EOM Indication Enabled (*) 
EOM Indication Disabled 


Multiframe Processing: 
Multiframe Disabled (*) 
Multiframe Enabled 

Disable Three Time Checking 
Enable Three Time Checking (*) 
Write Multiframe Message 


Loopback Test Mode: 

Clear All loopbacks (*) 
Loopback B1 on Line Enabled 
Loopback B2 on Line Enabled 
Loopback 2B+D Enabled (1) 
Loopback B1 on GCI Enabled 
Loopback B2 on GCI Enabled 
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Bit Number 


(1) alternate command instruction to ARL (C/I code); but without any status indication pending 


(*) initial state following Power on tnttialization 


Table 4: Monitor Status Messages 


Bit Number 


Multiframe Receive Register wen [00 te 


Monitor channel code description: 
Monitor channel code list is given in table 3 and 4. 


Device mode. 


NTA : NT mode Adaptive sampling. 

In NT mode, adaptive sampling should be se- 
lected when the device is an NT equipment con- 
nected on any wiring configuration up to the maxi- 
mum specified length for operation. Multiple 
Terminals, if required, must be grouped within ap- 
proximately 50 meters one from each other (de- 
pending on cable capacitance as indicated in 
1.430). Transmit section of SID-GCl is phased 
locked to GCI FSa source. 


NTF : NT mode fixed sampling. 
In NT mode, fixed sampling should be selected 


when the device is in a NT equipment connected 
on a passive bus wiring configuration up to ap- 
proximately 200 meters in length depending on 
cable type. In this mode the receiver DPLL is dis- 
abled and sampling of the received symbols is 
fixed to enable multiple Terminals (nominally up 
to 8) to be connected anywhere along the passive 
bus. Transmit and Receive section is phased 
locked to GCI FSa source. 


TES : TE mode connected on the T interface. 
This mode should be selected when the device is 
used on the T interface side of an NT2 equip- 
ment. 1.480 circuitry operates as in TE mode but 
GCI interface is driven by BCLK and FSa sources 
providing a slave-slave configuration. 


Data buffers and a clock resynchronizer enable 
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the GCI to function with FSa and BCLK jittering 
sources. No phase relationship is needed be- 
tween the line recovered clocks and GCI. 


A 1536kHz clock signal output phased locked to 
the Recevied line signal is delivered on CLK. 


CLK output signal is generated only when 
ST5421 if fully activated (state F7) and no clock 
signal is detected on that pin by the device during 
his own selected GCI channel. 

Otherwise CLK output remains high impedance. 
Note: CLK output Is activated immediately on the first bit of the B2 
channel (GCI side) and is deactivated immediately if SID-GCl leaves 
F7 state. 

D channel access Control circuitry is disabled. i.e. 
D channel data at Bx input is continuously trans- 
mitted to the line; there is no monitoring of the D 
echo channel from the network direction. 


MMA : Monitoring mode activation. 

When ST5421 is configured in TE mode by 
means of pins MO, M1, the MMA instruction al- 
lows to receive and activate on INFO3 frames, 
while remaining the master of GCI. That configu- 
ration can be used for applications such as moni- 
toring the outputs of TEs on a passive bus. 

The received 2B+D can then be passively moni- 
tored (the line transmit LO+,LO- would not be 
connected). 


TEM : TE Master Mode. 

When ST5421 is in TE configuration by means of 
pins MO, M1, and in the Monitoring Mode Activa- 
tion by means of the instruction MMA, the TEM 
instruction set back SID-GCI in the normal TE 
Master mode. 


B channels configuration. 


BDIR/BEX B1E/B1D B2E/B2D 

BDIR and BEX instructions provide for the ex- 
change of data between the B1 and B2 channels. 
(Note: when enabling a B channel in conjuction 
with the BEX command, channels is referenced at 
the CGI). 

When either or both B channels are disabled by 
means of the B1D or B2D instruction, binary 1 are 
transmitted on the line regardless of Bx input 
while Br output is in high impedance state. When 
enabled by means of B1E and B2E instructions, B 
channel are transparently transmitted. 


End of message indication. 


EID/EIE 

C/l channel End Of Message code sending can 
be enabled with instruction EIE and disabled by 
means of EID. 


Multiframe processing. 


MFT/MFR/MIE/MID 

In the Transmit direction, with the device in TEM 
or TES mode, data entered in bit positions M1, 
M2, M3 and M4 of instruction MFT is transmitted 
to the NT in multiframe bit positions Q1, Q2, Q3 
and Q4 respectively. With the device in NT mode, 
data entered in the M bit positions is transmitted 
to the TE in multiframe bit positions $11, S12, 
S13 and $14 respectively. In the Receive direc- 
tion, when the Multiframe receive data buffer re- 
quires servicing, the MFR (see table 4) status 
message is autonomously sent with M1, M2, M3 
and M4 bits representing Q1, Q2, Q3 and Q4 or 
$11, $12, S13 and $14 bits received from the 
multiframe respectively. 

Multiframe Structure and transmission protocol on 
the line comply with the ANSI US Standard 
T1.605.1989. "Basic Access Interface for S and T 
Reference points - Layer 1 specification”. 
Multiframe message exchange can be supported 
by SID-GCI when the line is synchronized : states 
F6 & F7 in TEM or TES modes and state G3 in 
NT modes. 

The multiffame channel processing must be en- 
abled by an MIE instruction to use these chan- 
nels. 


DIS3X/EN3X 

When ENSxX is set, a new Multiframe message re- 
ceived from the line is checked and transferred on 
the M channel when received three times identi- 
cal. 

When DIS3X is set, Multiframe messages are 
transferred tranparently every superframe. 


Loopback test modes 


CAL/LBS/LB1E/LB2E/LBB1E/LBB2E 

LB1E and LB2E instructions turn each individual 
B channel from the line receive input back to the 
line transmit output. They may be set separately 
or together. 

LBB1E and LBB2E instructions turn each individ- 
ual B channel from GCI input to the GCI output. 
They may be set separately or together. 

CAL instruction clears both loopbacks. 

It is not allowed to set or clear a LB1, LB2, LBB1 
or LBB2 loopback while a complete loopback is 
set by means of the C/I instruction ARL. LBS can 
be used as an alternate command to ARL. 


Activation/Deactivation 


In NT configuration : 
After Power on initialization, ST5421 can be con- 
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figured in NT1 or NT2 mode, by means of pins 
and register programming. In NT1, SID-GCI is 
powered up directly by receiving the GCI clocks 
on BCLK and FSa inputs. In NT2 mode, the de- 
vice is powered up by means of PUP code on the 
C/l Control channel. 


$15421 


Activation may be initiated from either end of the 
loop. 

To operate an activation from the Network, 
ST5421 must be first powered up by the appropri- 
ate procedure followed at least 2ms later by an 


AR instruction on the C/I channel. Network timing, 
Figure 5: Activation Procedure in GCI mode, NT Selected. 


668 POWER DOWN 


GOi POVER DOWN 
pending faer-end activation 


IF Power Up control SET 
Powers Up 
SET TINH indicate 
JUMP to G18 state 


IF Line Signal Detected 
SET LSD- -6 
JUMP to G@1 state 


IF Power Up contro] SET 
Powers Up 
SET TINH indicate 
JUMP to G18 state 


6106 POWER UP 
de-activated 


IF AR control] SET IF INFOS received & IF INFOO received IF INFO received 
SEND INFO2 OC Control SET & DC Contro) SET & SET AP indicate 
JUMP to G2 state NT2 mode selected NTi mode selected SET INFOS 
Powers Down JUMP to G18 JUMP to Gili state 
JUMP to Ges 


6114 FAR-END 
pending activation 


G2 NEAR-END 
pending activation 


IF DR Contro] SET IF INFOS received 
SEND INFOS SET Al indicate 

SET DI indicate SEND INFO2 
JUMP to G19 JUMP to GS 


IF AR Control SET 
SEND INFO2 
JUMP to G2 state 


IF DR Control] SET 
SEND INFOS 
SET DI indicate 
JUMP to G18 


G3 
pending sectivation 


IF INFOS & 
FI4 Control SET 
SEND INFO4 
JUMP to G4 


IF FI2 Control] SET 
SEND INFO2 
JUHP to G2 


IF not INFOS 
SET EY 
SEND INFO2 
JUMP to G2 


G4 ACTIVATED 


IF loss of frame detected 
or if INFOS received 
SEND INFO2 
SET EI indicate 
JUMP to G2 
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IF DR Control SET 
SEND INFOS 
SET DJ] indicate 
JUMP to 618 


IF DR Control SET 
SEND INFOS 
SET D1 indicate 
JUMP to 618 


NEOST3 421-87 


15/26 


307 


915421 


FSa, BCLK and MCLK must be present at this 
time. When activation is initiated by the far-end, 
SID-GCI being in the Power Down state, a Line 
Signal Detector circuit pulls low LSD- pin, which 
can be used to wake up the system. A power Up 
procedure must be then be issued allowing identi- 
fication of received signal ie, INFO1 or INFO2. 
The appropriate procedure is then followed ac- 
cording to 1.430. 


1.480 recommends that 2 Timers should be avail- 
able in an NT. An Activation Request should be 
associated with the start of an external Timer 1 if 
required. Timer 1 should be stopped when the Al 
indication is generated following successful acti- 
vation. If Timer 1 expires before Al is generated, 
however, Control instruction DR should be written 
to the device to force deactivation. Timer 2 which 
is specified to prevent unintentional re-activation, 
is not required since ST5421 can uniquely recog- 
nize INFO1 frames. 

Two extra codes are needed for NT1 application: 
Fl4 indicates to the SID-GCI that the U line is acti- 
vated and allows completion of activation by 
sending INFO4. Fl2 indicates to SID-GCI that the 


U line has lost synchronization and requests 
sending of INFO2. 


In TEM or TES configuration : 

After Power on initialization, ST5421 can be con- 
figured in TE or TES power down mode, depend- 
ing on pins and register configuration setting. In 
TEM mode, SID-GCI is powered up by pulling low 
the Bx input. SID-GCI reacts by sending GCI free- 
running clocks. In TES mode, the SID-GClI is 
powered up by means of the PUP code on the C/I 
Control channel. 


Activation may be initiated from either end of the 
loop. To operate an activation from the Terminal, 
the device must be first powered up by the appro- 
priate procedure followed at least 2ms later by an 
AR instruction on the C/I channel. When activa- 
tion is initiated by the far-end, SID-GCI being in 
the Power Down state, a Line Signal Detector Cir- 
cuit pulls low the LSD- pin, which can be used to 
wake up the system. A Power Up procedure must 
then be issued allowing identification of received 
signal ie, INFO2. The appropriate procedure is 
then followed according to 1.430. 


Figure 6: Activation Procedure in GCI mode, TE Selected 


F18 POUER DOWN 


IF Bx SET - 8 
Powers Up 
SET DP indicete 
JUMP to F2 


IF Line Signal Detetted 
SET LSD- «8 
JUMP to F1i 


Fi4 POWER DOWN 
pending Fer-end ectivation 


IF Bx SET «- 8 
Powers Up 
SET DP inditate 
JUMP to F2 


F2 POVER uP 
deactivated 


IF INFOS received & 
AR?{4) Control SET 
SEND INFOQ] 
JUMP to F4 


IF INFO2 or JINFO4 received 
SET AP inditate 
SEND INFOS 
JUMP to F3 


IF INFOS received & 
DC Control SET 
SET D1 sndicete tTEM only) 
Powers Down 
JUMP to F1i8 


F3 FAR-END 
pending ectivaotian 


IF ARI41) Control SET 
SEND INFOS 
JUMP to FS 


IF INFO2 received & 
ARt1) Control SET 
SEND INFQ3 
JUMP to F6 


IF INFO4 received & 
ARt1) Control SET 
SET AI(1) indicate 
SEND INFO3 
JUMP to F? 
MN89S7T5427-88 
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Figure 6: Continued 


Fa FAR-END 
pending sttivetison 


IF DR Control SET IF Line Signal Deterted 
SET DP indicate {TEM only) SEND INFOS 
SET DJ indicete tTES anlyl JUMP ta FS 
SEND INFO8 
JuMP to F2 


FS JDENTIFYING 
pending ettivetian 


JF DR Contrel SET IF INFO2 recelved IF INFO4 received 
SET DP Indicate ITEM only) SEND INFOS SEND JNFO3 
SET DI indicate ITES anly) JUMP toa FG SET AItI212 Inditete 
SEND INFOS JuMP to F? 


JUMP to F2 
F6& SYNCHRONIZED 
pending ettivetian 


IF INFOS rereived OR IF INFO4 received IF Lass af Frame Detected 
DR Control SET SET AIt4] indirate SET EJ indicate 
SET DP indlesete !TEM only) SEND INFOS SEND 1JNFO8 
SET D] Indicoete {TES only) JUMP to F? JUMP to FS 
SEND YNFOB 
JUMP to F2 


F? ACTIVATED 


IF INFOS tetelved OR IF INFO2 received IF Loss of Frete Detected |. 
DR Control SET SET AP indicate SET EJ indirate 
SET DP indicate iTEM only) SEND INFO3 SEND INFOS 
SET DJ] Indicate TES anly?) JUMP to F6 JuMP to FS 
SEND INFOS 
JUMP tn F2 


F8 LOSS FRANING 


IF INFOS received OR IF JNFOQ2 received IF INFO4 recelved 
DR Conttnl SET SET AP Iinditetre SET AII12 Indicere 
SET DP Indicete ITEM anly) SEND JNFOS SEND JNFOS 
SET D] indicote ITES only) JUMP to F6 JuMP to F? 
SEND INFOS 
JuMP ty F2 


14) AR means? AR. ARS ar ARIB uhile AY meenn!: AI. AIB or AIG 


fi . 
depending on configuration MO9S754821-89 
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|.430 recommends that a Timer should be avail- 
able in a TE. An Activation Request to the SID- 
GCI should be associated with the start of an ex- 
ternal Timer 3 if required.Timer 3 should be 
stopped when the AI indication is generated fol- 
lowing successful activation. Timer 3 expires be- 
fore Al, Al8 or Al10 is generated, however, Con- 
trol instruction DR should be written to the device 
to force de-activation. 


D CHANNEL ACCESS IN TEM MODE 


A controller device requiring to start transmission 
of a packet on the line should first prepare the 
complete message such that the opening Flag is 
ready to be shifted accross GCI. A Control In- 
struction AR8 or AR10 will initiate first the Activa- 
tion Sequence on the line until activation has 
been completed and then the D channel access 
sequence according to Priority Class 1 (signalling) 
or Priority Class 2 (Data packet) respectively. 


After line activation, Al8 (or Al10) indication is 
sent from SID-GCl. Then, DEN output immedi- 
ately enables to prefetch the opening flag from 
the controller device into the SID-GCI D channel 
buffer. Meanwhile, the Priority Counter checks 
that no other TE connected to the S interface is 
transmitting in the D channel. This is assured by 
counting consecutive "1"s in the E bit position of 
frames received from the NT and comparing the 
value with the current priority level as specified by 
1.430. If another TE is active in the D channel, 
DEN pulses are inhibited once the Opening Flag 
is in the Transmit buffer to prevent further fetching 
of Transmit data from the Controller until D chan- 
nel access is achieved. 


As soon as the required number of consecutive E 
bit "1"s has been counted, the leading O of the 
opening flag is transmitted in the next D bit posi- 
tion to the NT. Then, DEN pulses are re-enabled 
in order to get new D channel bits. No other in- 
structions are necessary for local flow control be- 
tween controller and ST5421. 


During transmission in the D channel, SID-GCl 
continues to compare each E bit with the D bit 
previously transmitted before proceeding to send 
the next. In case of mis-match, a contention for 
the previous D bit is assumed to have been won 
by another TE. Transmission of the current 
packet therefore ceases and "1"s are transmitted 
in all following D bit positions. Status indication 
CON is sent to the controller on C/I channel. DEN 
output pulses are again inhibited, and D channel 
access sequence is disabled. 


In order to retransmit the lost frame, the controller 


C/1 Com: ARS... 


must begin as before sending a new AR8® (or 
AR10) ; it has to change first the code sent (ie Dl) 
and after change again to AR8. Successful send- 
ing of a transmit frame is detected when the clos- 
ing Flag is transmitted in the D channel. "1"s are 
then transmitted in the following D bit positions. 


If enabled by the Control Instruction EIE, indica- 
tion EOM is sent to indicate the End of message. 


After sending of a transmit frame successfull, SID 
GCI will automatically perform a new D access 
sequence if it’s still receiving AR8 or AR10 com- 
mand on C/I channel, otherwise no D access se- 
quence will be done until reception of AR8 or 
AR10 command. 


Any indication change on the C/I channel except 
EOM indicates deactivation of the D channel ac- 
cess sequence and a new AR8® (or AR10) is 
needed to restart the procedure. 


Note: Users willing to control the D channel ac- 
cess, can use this procedure: 

Send AR8 or AR10 until receiving DENx, then re- 
move ARx command code and replace it by an 
another command (ie DI! that is equivalent to a 
NOP operation if the device is full_activated). At 
the end of a D frame EOM Indication is received 
(if EIE ts set); when a new D message is pre- 
pared an ask for a new D channel access by AR8 
or AR10 can be sent. 


Users that want to discriminate consecutive D 
channel access with EOM Indication, are sug- 
gested to remove EOM Indication, between 2 D 
frames, to be able to separate the 2 messages 
EOM: With the following method: send AR8 
(AR10) continuously, until receiving EOM Indica- 
tion, then send ONCE AR8~ [0111] (AR10~ 
[0110]) on C/l channel and continue to send the 
previous code AR8 (AR10); this AR8~ (AR10~) is 
a kind of EOM aknowledge: the device detect a 
‘new’ primitive AR8 (AR10), stop EOM Indication 
and replace it by Al8 or AI10 if ST5421 is still full 
activated. 


For application with automatic D channel access and 
wanting to change the priority class (8 or 10) for D 
channel, they can use the following procedure: 
Assuming that the present D frame is priority 
class 8 and that the next D frame will be priority 
class 10, users can change AR8 code to AR10 as 
soon as they are sure that the present D frame is 
started, by controlling DENx, anticipating the next 
D messages before the closing flag of the present 
D frame. When the automatic D channel access 
will be performed for next D message, the D 
channel request will be done with the desired pri- 
ority class. (see figure below). 


ee sARBeceeceese cARB AR1IB ARAB cece cneeeeernesens 


DENX : 
iStert D End Dl INew D Frame 
e—————_——- present Frame o——Next 
Priaority-§ Priority-128 
NSESTERZI-18 
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MULTIFRAME MAINTENANCE CHANNELS (S81 
AND Q WORDS) 


Each direction of transmission across the S inter- 
face includes a low-speed (800 b/s) channel for 
loop maintenance accessed via the monitor chan- 
nel of ST5421. A multiframe structure, consisting 
of 20 frames on the S interface, is used to syn- 
chronize these channels and convey messages 
coded into 4-bit words, see Table 5. One word is 
transmitted downstream (NT-to-TE) in the S14 
channel, and one word is transmitted upstream 
(TE-to-NT) in the Q channel every multiframe. 


When the device is in NT mode, the MIE com- 
mand enables both the transmission of the multi- 
frame identification algorithm (reversal of the 
FA/N bits every 5th frame and M bit set = 1 every 
20th frame) and enables the MFR message. The 
algorithm is present during INFO2 and INFO4 
frames. In TE modes this command only enables 
the MFR message since the device will always 
search for and synchronize to the multiframing 
identification bits if NT is sending them. In all 
modes, at the end of each multiframe the re- 
ceived 4-bit word is decoded to determine if it 


Table 5: Codes for Q and S1 channel messages 


ST5421 


should generate an MFR interrupt immediately, or 
be stored until 3 consecutive multiframes have 
contained the same 4-bit word before a MFR 
message is generated. Table 5 lists the codes 
which are 3-times checked. Note, however, that 
no other action is taken by the ST5421 in re- 
sponse to received codes (e.g. loop-backs are not 
automotically implemented); the external control- 
ler must take the necessary action. This provides 
the freedom to implement maintenance functions 
without constrains from the device, and to utilise 
the unassigned codes for other functions. 

It is possible to disable the checking algorithm by 
setting DIS3X instruction on M channel. There, 
Multiframe words are transferred transparently on 
M channel. 


The MID command disables the transmission of 
the Multiframe identification algorithm in NT mode 
and disables the MFR message in both NT and 
TE modes. Both the MIE and MID commands can 
only be written to the device when it is deacti- 
vated (either powered-up or powered-down). The 
Multiframe Transmit Register should also be 
loaded with the appropriate “idle” messages, by 
means of an MFT instruction, prior to activation. 


NT to TE TE to NT 
Message (1) amen at TE Number of Repetitions Received at NT Number of Repetitions 


Before MFR message 
(EN3X set) 


$11 S12 sit si2 S13 S14 $14 


Before MFR message 


Qi Q2 Q3 Q4 (EN3X set) 


isle (Normal) ic (0O 0. Os Oe 8 Ss A A 
1 1 


Loss-of-Power 
Indication 


ST Request (3) 
STI Indication 


DTSE-IN 
DTSE-OUT 
DTSE-IN & OUT 


LB1 Request 

LB 1/Indication 
LB2 Request 
LB2/Indication 
LB1/2Request (2) 
LB1/2Indication 


Loss-of-Received 3 
Signal! pheleation 


All other codes 


Notes: 


All | Allothercodes codes 


(1) No autonomous action !s taken by ST5421 in response to received messages. Where appropriate, the external controller must respond with 


a command or other action. 


(2) The code "0011" will be received by an NT1 when the LB1 and LB2 requests are transmitted by two different TEs (NT2s) on a Passive Bus. 
(3) The code "0001" will be received by an NT1 when ST Request and any other code (except LP) is sent simultaneously by two or more TEs 


on a Passive Bus. 
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ABSOLUTE MAXIMUM RATINGS 


po Parameter te it 
WectOGNO 
) 


7 
Storage Temperature Range -65 to +150 
Lead Temperature (soldering 10s 


ELECTRICAL CHARACTERISTICS (unless specified otherwise: Vcc = 5V +5%, Ta = 0 °C to 70°C; 
typical characteristics are specified at Vcc = 5V, Ta = 25°C. All signals are referenced to GND). 


DIGITAL INTERFACE 

Parameter Test Conditions | Min. 
nput Low Voltage All Digital Inputs ae 
nput High Voltage if . pey | 
nput Low Voltage 
nput High Voltage 

Output Low Voltage 
Br: lL =3.2 mA 


Vou | Output High Voltage 
All other Digital Outputs: IL =+1mA 


Input Low Current Any Digital Input, GND < VIN < ViL 
ln {Input High Current Any Digital Input, VIH < Vin < Voc 


loz |Output Currentin HIGH = |All Digital Tri-state I/Os -10 +1 pA 
Impedance (tri-state) 


LINE INTERFACE 


| Parameter | Test Conditions |“ Min. | Typ. | Max. | Unit_| 


Resistance 


Load Capacitance From LO+ to LO- pT 200 |p 
Transmit Pullse Amplitude |R1 = 212 between LO+ and LO- (1 1.484 | 1.585 | 1.696 


[4 Transmite Pulse O+ relative to O- 5 %o 
Unbalance 


Ps ol Input Amplitude Differential Between LI+ and LI- Po ee ee mV 


Oo 
ol 


© 
in 
< 


e< 


+ I+ 
— ee 
sf 
5B 


Cee 

| 

Coo 

eae 
Br: IL = 3.2 mA ms 
All other Digital Outputs: IL =+1mA 

=e 

eee 


oO 


POWER DISSIPATION 


|Symbol| Parameter Test Conditions | Min. | 
Power Down Current All Outputs Open-circuit Ce 
Active Current (2 NT/TES not transmitting zt 12 


Active Current (3 NT/TES transmitting 
Active Current (2 TEM not transmitting 
Active Current (3) TEM transmitting 


(1) This specification garanties compliance with CCITT1430 recommendation concerning the pulse templates. Winding resistors for the 
transformer is assumed to be represented by an extra 12Q load added to the 200Q corresponding to the 50Q load reflected back through 
the 1.2 transformer. 


(2) Measured with an external 15.36MHz clock applied on pin XTAL1, XTAL2 being left unconnected. 
(3) Same condition as in (2) assuming worst case line current on 50Q. 
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ELECTRICAL CHARACTERISTICS (continued) 
MASTERCLOCK 


Test Conditions 
MCLK Frequenc 


| Symbol | 

es eee, 

ae 
Tolerance 

CC 


MCLK Input Clock Jitter 


Timing Recovery Jitter BCLK Output Relative to MCLK at TE -130 


tuH, tut | Clock Pulse width High Vin = Vcc -0.5V, Vit = 0.5V 20 
and Low of MCLK 
tur, tur | Rise Time and Fall Time | Used as a logical input 10 
of MCLK 
( ) 


TRANSFORMER MODEL (all values are to be measured at 10kHz 


ins | Typ. | tax. | nit 
ee eae ae ae 


| Rp [Primary Winding Resistance CT Ww 
| Rs |SecondaryWindingResistance CT | TT 
| R__[PrimaryTotalResistance CT CT 8 
| Lp |Prima Inductance mH 
| Lm [Primary Inductance with Secondary Shorted | S| St | 20 | _ 
| Cp _|Primary Capacitance with Secondary Open | | 8 


Figure 9: Transmit & Receive Transformer Model 


s p D94TL139 


(*) Rt = 33Q, Required from ST5421 version 5.0 
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TIMING SPECIFICATIONS 


|Symbol| Parameter Test Conditions | Min. | Typ. | Max. | Unit _| 
tocpe |Delay Time BCLK TE Mode only 30 ns 
High to DEN 
Transition 
tuce |Hold Time BCLK ns 
Trans. to FSa 
Transition 
trc, tec | Rise & Fall Time 
BCLK 


twco, |BCLK width High & Low 
tweL 
tsrc |Setup Time FSa High to 
BCLK Low 
tocr |Delay Time BCLK TE Mode only 
High to FSa HIGH 
tocp |Delay Time BCLK 20 
High to DATA Valid 
tpFp ~= | Delay Time FSa High Load 100pF. Apply only if FSa rises later 
to Data Valid than BCLK rising edge 
tocz |Delay Time BCLK 
Low Data Invalid 
tspc |Setup Time Data 
Valid to BOLK Low 
to Data Invalid 
tocc |Delay Time BCLK TE and TES side modes only 
High to CLK High 


Figure 10: GCI Mode 


NEBSTS428-89 
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APPLICATIONS INFORMATION 


While the pins of ST5421 SID-GCI device are well 
protected against electrical misuse, it is recom- 
mended that the standard CMOS practise of ap- 
plying GND to the device before any other con- 
nections, should always be followed. In 
applications where the printed circuit card may be 
plugged into a hot socket with power and clocks 
already present, an extra long ground pin on the 
connector should be used. 


To minimize noise sources, all ground connec- 
tions to each device should meet at a common 
point as close as possible to the GND pin in order 
to prevent the interaction of ground return cur- 
rents flowing through a common bus impedance. 
A power supply decoupling capacitor of 0.15F 
should be connected from this common point to 
Vcc as close as possible to the device pins. 


CRYSTAL OSCILLATOR 


The clock source for ST5421 may be provided 
with a commercially available crystal or an exter- 
nal clock source meeting the frequency require- 
ments as explained in the following sections. 


CRYSTAL SPECIFICATION 


ST5421 SID-GCI clock source may be either a 
quartz crystal operating in parallel mode or an ex- 
ternal signal source at 15.36MHz. The complete 
oscillator (crystal plus the oscillator circuit) must 
meet a frequency tolerance specification of 
+50ppm total to comply with the CCITT 1.430 
specification for TE applications.The frequency 
tolerance limits span the conditions of full operat- 
ing temeprature range (commercial or industrial) 
and effects due to aging and part parameter vari- 
ations. 


The crystal is connected between pin 5 
(MCLK/XTAL) and pin 6 (XTAL2), with a 33pF to- 
tal capacitance from each pin to ground. The ex- 
ternal capacitors must be mica or high-Q ceramic 
type. The use of NPO (Negative Positive Zero co- 
efficient) capacitors is highly recommended to en- 
sure tight tolerance over the operating tempera- 
ture range. The 33pF capacitance includes the 
external capacitor plus any trace and lead capaci- 
tance on the board. Nominal frequency of 
15.360MHz, frequency tolerance (accuracy, tem- 
perature and aging) less than 1.60ppm, with Rs 
= 150, CL= 20pF, parallel mode, CO (shunt ca- 
pacitance) /7pF.An external circuit may be driven 
directly from the pin XTAL2 (pin 6) provided that 
the load presented is greater than 50K shunted 
by a total of 33pF of capacitance. Crystal oscilla- 
tor board layout is critical and should be designed 
with short traces that do not run parallel when in 
close proximity (to minimize coupling between ad- 
jacent pins). On multi-layered boards a ground 
layer should be used to prevent coupling from sig- 
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nals on adjacent board layers. Ground traces on 
either side of the high frequency trace also helps 
isolate the noise pickup. 


EXTERNAL OSCILLATOR CONFIGURATION 


An external 5V drive clock sourcxed may be con- 
nected to the MCLK (pin 5) input pin of ST5421. 
The nominal frequency should be 15.36MHz with 
a tolerance of 1 80ppm. The ST5421 SID pro- 
vides a load of about 7pF at the MCLK input pin. 


LINE TRANSFORMER REQUIREMENTS 


The electrical characteristics of the pulse trans- 
former for the ISDN "S" interface are defined to 
meet the output and input signal and the line iso- 
lation and characteristics as defined in CCITT 
reccommednation 1.430. The transformer pro- 
vides isolation for the line card or terminal from 
the line it lasi provides a means to transfer power 
to the terminalb over the S-loop via the "phantom" 
circuit created by center-tapping the line side 
windings. A transformer is used both at the trans- 
mit and the receive end of the loop. These notes 
specify the tolerances of a transformer that is em- 
ployed with ST5421 to meet the CCITT recom- 
mendation on output pulse mask and impedance 
requirements. 


LINE TRANSFORMER RATIO 
The transmit and th receive transformers can be 


‘the same (with a winding ratio of 1:2) or option- 


ally, the receive transformer could have a trans- 
former ratio of 1:1. The primary of the transformer 
is connected to the S loop while the secondary is 
connected to the device. 


EXTERNAL PROTECTION CIRCUITRY 


Precautions are to be taken to ensure that 
ST5421 SID-GCI is protected against electrical 
surges and other interferences due to electro- 
magnetic fields, power line faults and lightening 
discharge that may occur in the transmission me- 
dium. Protection circuits that are external to the 
device are recommended on both the primary and 
secondary sides of the line transformer. 


DC BIAS CAPACITORS FOR ANALOG REFER- 
ENCE 


Two decoupling capacitors (0.1uF mica) and 
10uF (electrolytic) are connected between pin 19 
of the device and its ground connection. These 
capacitors decouple the midpoint of a two-resistor 
potential divider (inside the device) and provide 
an internally buffered reference for the analog cir- 
cuitry. 
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ST5421 EXCEEDING 1.480 TRANSMISSION RE- 
QUIREMENTS 


This ST5421 is designed with the goal of substan- 
tially exceeding the transmission performance re- 
quirements as specified in the 1.430. This is made 
possible in the ST5421 SID design by employing 
superior analog front end designs. For example, 
in the receive path, an analog prefiter removes 
<200kHz noise signals, which is then followed by 
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an adaptive line equalizer to accomodate varying 
line conditions with superior performance. A con- 
tinuously tracking adaptive threshold circuit pro- 
vides the slicing levels for the detection circuits for 
correct interpretation of transmission bits even on 
long lossy loops. This implementation results in 
longer ranges of S interface cables compared to 
1.430 requirements. 
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THIRD GENERATION SUBSCRIBER LINE INTERFACE 


a TWO CHIP SET + OVERVOLTAGE PROTEC- 
TION PROVIDE THE COMPLETE BORSCHT 
FUNCTIONS. 

es PROGRAMMABLE DC FEEDING RESIS- 
TANCE AND CURRENT LIMITING 0 TO 
70mA (1.1mA STEPS). | 

a PROGRAMMABLE VOLTAGE DROP AC- 
CORDING TO TTX/ON HOOK TRANSMIS- 
SION NEEDS. 

a INTEGRATED RING GENERATOR WITH 
ZERO CROSSING AND PROGRAMMABLE 
FREQ/LEVEL. 

a SUPPORT NORMAL LOOP START LINES, 
GROUND START PABX LINES, EXTENDED 
LOOPS AND PAY-PHONES. 

s GENERATION, SHAPING AND FILTERING 
OF 12KHz/16kHz PROGRAMMABLE LEVELS 
TELETAX METERING SIGNALS. 

s REVERSE POLARITY HARD OR SOFT 
SWITCHING. 

u SIGNALLING FUNCTIONS HOOK, GDKEY 
WITH PROGRAMMABLE PERSISTANCE 
CHECK. 

a ON HOOK TRANSMISSION CAPABILITY. 

e CCITT AND LSSGR CODEC/FILTER STD. 
Aju LAW. 

no 2 WIRE IMPEDANCE SYNTHESIS SOFT- 
WARE PROGRAMMABLE. 

x» HYBRID FUNCTION SOFTWARE PRO- 
GRAMMABLE. 

» PROGRAMMABLE GAIN CONTROL AND 
FREQUENCY RESPONSE CORRECTION. 

n SUPERVISION AND TEST OF LINE CONDI- 
TIONS, LEAKAGE, CAPACITANCE AND CIR- 
CUIT SIGNALLING TEST FOR TTX AND 
RINGING. 

TEST TONE GENERATION FOR CIRCUIT 

TEST, LOOPBACKS POSSIBILITY. 

GCI COMPATIBLE CONTROL INTERFACE. 

SELECTABLE 2/4MHZ BACKPLANE CLOCK. 

MINIMUM EXTERNAL COMPONENTS COUNT. 

ADVANCED 12V BJT-5V CMOS 0.8umTECH- 

NOLOGY GUARANTEES RELIABILITY AND 

LOW POWER CONSUMPTION (50MW TO- 

TAL IN ON-HOOK CONDITION). 

s INTEGRATED THERMAL PROTECTION 
WITH THERMAL OVERLOAD INDICATION. 
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PLCC44 
ORDERING NUMBER: STLC3040 


PowerSO-20 


ORDERING NUMBER: L3000NSO 


DESCRIPTION 


The subscriber line interface kit 
(LS000N/STLC3040) is a set of solid state de- 
vices designed to integrate all the classical 
BORSCHT functions (overvoltage protection ex- 
ternal) and several additional features needed to 
interface a telephone line. 


The L3000N device is fabricated in B140Il (140V 
Bipolar) technology and is basically an analog 
front end that drives the line via two output buffers 
properly amplifying signal applied at its input by 
the STLC3040. At the same time it provides back 
to the STLC3040 an accurate image of the loop 
current. 


The STLC3040 device is fabricated in BiCMOS 
(12V bipolar / 5V CMOS) technology. This device 
interfaces the L3000N via a dedicated interface and 
the C.O. backplane via a GCI compatible interface. 


The STLC3040 processes the line current image 
provided by the L3000N generating the transmit 
signal and the proper voltage signal that will be 
sent back to the L3000N in order to synthetize the 
desired AC/DC impedances on the 2-wire side. 

At the same time also the received signal on the 
digital side is transferred into the line. 
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L3000N - STLC3040 


The signal processing inside the STLC3040 is 
both analog and digital merging the best available 
analog and digital processing performances of the 
BiCMOS technology. 


The L8000N/STLC3040 kit is fully programmable 
and needs only 5 ext. resistors (including the two 
protection resistors) and 3 capacitors. These 
components are always the same; all the parame- 
ters related to different applications are software 
programmed. Considering the DC characteristic, 
by proper programming it is possible to select 
several limiting currents (from 0 to 70mA with 
1.1mA steps, different DC feeding resistance 
(from 0 to 2 x 400Q with 100Q steps) and differ- 
ent drop voltages (on-hook transmission, meter- 
ing pulse injection). 

Considering AC performances all possible 2-wire 
impedances are software programmable, the 
same for the two to four wire conversion, where 
all the possible balance impedances can be soft- 
ware programmed. Both Tx and Rx gain are pro- 
grammable (12 dB range, 0.1dB step) with proper 
frequency equalization that will guarantee a com- 


PIN CONNECTIONS (Top views) 


D94TL161 


2/5 


plete flat response in the speech band. 


Ringing signal is also generated on chip with pro- 
grammable frequency and amplitude. For this 
purpose the L3000N device in addition to the 
negative battery (VB-) requires also a positive 
one (VB+). VB- can vary between -70V to -24V 
depending on the application. The VB+ is usually 
selected in order to have a total battery voltage 
|\VB+|+/VB-| = 120V. 

Ring injection and disconnection is always per- 
formed in correspondance of zero crossing. In ad- 
dition when ring trip is detected the ring signal is 
automatically disconnected again at the first zero 
crossing. The kit is also able to generate metering 
pulse signals (12 or 16kHz) with programmable 
amplitudes up to 5Vrms. Polarity reversal is sup- 
ported. 


Finally several testing features are provided by 
the kit. This means that the kit is able both to test 
itself and also the line parameters (leakage, ca- 
pacitance ..) saving the testing relays and the 
equipment needed to perform the test. 


— 
oO 


9 
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- 
, 6 
5 
4 
3 
2 
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L3000N - STLC3040 


ABSOLUTE MAXIMUM RATINGS 


Negative Supply Voltage 
Vagnd-Vbgnd| | Maximum Voltage Between AGND/BGND 


Thermal Resistance Junction to Ambient Max. aaa eee as ae 
| Rrhyamb__| Thermal Resistance Junctionto Ambient ss Max] 80 CW 


OPERATING RANGE (Refer to the test circuit, unless otherwise specified.) 


| Symbol | __—Parameter__— | TestCondition | _Min. | Typ. | Max. | Unit _| 
| Teper | Operating TemperatureRange | | | 
| Ve. | Negative BatteryVoltage | 0 | |e | 
| Va. | Positive BatteryVoltage | | te | 
| WVel+[Ves| | TotalBattery voltage | to | t30 | 
| Voo | Positive Supply Voltage | |S | 
| Vss__| Negative Supply Voltage | 8 
| Imax | TotalLine Curent (eT) | 
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L3000N - STLC3040 


PIN DESCRIPTION (L3000N) 


ME Sl enlnceneniomncnalaniamnmae A line termination output with current capability up to 100mA (lq is the current sourced from 
this pin). 


| 4a MNT Positive | Positive Supply Voltage Monitor. sss Voltage Monitor. 
ae ee Positive Battery Supply Voltage. 
BGND Battery ground relative to the Ve. and the Vp. supply voltages. 
It is also the reference ground for TIP and RING signals. 
cand Positive Power Supply +5V. 
| gn 2 wire unbalanced voltage input. 
VBIM Output voltage without current capability, with the following functions: 
- give an image of the total battery voltage scaled by 40 to the low voltage part. 
- filter by an external capacitor the noise on Vg, and Ve.. 


1,10,11,20 Negative Battery Supply Voltage. 
= AGND | Analog Ground. All input signals and the Vpp supply voltage must be referred to this pin. 


REF | Voltage reference output with very low temperature coefficient. The connected resistor sets 
Intemal circuit bias current. 


Digital signal input (3 levels) that defines device status with pin 12. In thermal overload 
condition a 240mA typical current is sunk by this pin. 


1s | ca Digital signal input (3 levels) that defines device status with pin 11. 


IT High precision scaled transversal line current signal. lat lb 
C= 
100 


Ld RING | B line termination output with current capability up to 100mA (Ib is the current sunk into this 
pin). 


Not connected. 


Notes: 1) All information relative to the PowerSO-20 package option should be considered as advanced information on a new product now in 
developement or undergoing evaluation. Details are subject to change without notice. 
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L3000N - STLC3040 


PIN DESCRIPTION (STLC3040) 


mode. 


State contro! signal 2. 


Comparator inputs. These are inputs of the comparator that senses the line 
voltage in Loop Open Mode allowing OFF/Hook detection in this mode. 


SIRO //OD Dedicated, leave open 


14 CAP OA Reversal. Proper Capacitor should be connected to this pin when soft battery 
reversal is needed 
15 Longitudinal Line Current input la— Ib 
Le “100° 


OA AC Synthesis Reference Resistor. 
17,18 STRO,STR1 /OD Dedicated, leave open. 


19 IT IA Transversal Line Current input lat |p 
T= “100 


VOUT Two wire unbalanced output feeding the line voltage signals (DC, AC, RING, 
TTX) scaled by 40. 
AGND Analog Ground. 
28 OA 


Power Down output. Proper bias current is provided to L3000N by this pin. 
When the current is 0 the LSOOON goes in Power Down (high impedance). 


| 29 | EXT__|_~— Di ExternalRingSync.input. = C—C“‘CSC*‘*C 

Line-card Id, serial ID signature input. 

A i — pacino 
down, all internal registers resetted. 

| sa | Ct | | DigitalinputreadviaGcl 

| 39 | St | OD _ DigitaloutputwrittenviaGc. 

| 40 | —SeLa4_ =| ID __| Select Clock Frequency for GCI Interface 2MHz/4MHz, not affecting the data rate. | 

| 41,42,43 |TS27S1,1TSs0| ID | GCI Select Time Slot Identifier Pins. 
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MICROELECTRONICS STLC5048 


PROGRAMMABLE FOUR CHANNEL CODEC AND FILTER 


PROGRAMMABLE MONOLITHIC 4 CHAN- 
NEL CODEC/FILTER 
SINGLE +5V SUPPLY 
PIN STRAP / MCU CONTROL MODE 
A/u LAW PROGRAMMABLE | 
PCM HIGHWAY FORMAT: 
e 1.536 or 1.544 MHz 
¢ 2.048 MHz, 4.096 MHz 
a TX GAIN PROGRAMMING: 
¢ 15dB RANGE; 0.5dB STEP 
a RX GAIN PROGRAMMING: 
15dB RANGE; 0.5dB STEP 
» PROGRAMMABLE TIME SLOT ASSIGNMENT 
» DIGITAL LOOPBACK 
n AUXILIARY INPUT MODE (ALLOW DC EN- 
CODING) 
» POWER DOWN MODE 
u 44 PQFP PACKAGE 


DESCRIPTION 


The STLC5048 is a monolithic programmable 4 
channel codec and filter. It operates with a single 
+5V supply. The analog interface is compatible 
with the first generation codec / filter standard: 
600Q load driving capability on the receive output 


PIN CONNECTION (Top view) 


nN 
hb 


VEXIP-2 [] 
VEXIN-2 [ 
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PRODUCT PREVIEW 


PQFP44 


ORDERING NUMBER: STLC5048 


and operational amplifier input stage. A midsupply 
reference level of 2.5V is generated by the device 
and provided to each analog port. 


The PCM interface allows the use of independent 
8KHz frame sync. pulses for the transmit and re- 
ceive direction. The MCLK clock can be selected 
from three _ standards: 1.563/1.544MHz, 
2.048MHz, 4.096MHz. 


Device programmability is achieved by means of 
16 registers used to set parameters such as 
TX/RX gains, encoding law (A/u), time slot as- 
signment, channel enable/disable, TX filter dis- 
able, loopback and mute. The pinstrap option is 
used to set the most significant of these parame- 
ters by hw. Connection of the proper pins allow 
the device to operate without MCU control. 


|] VFXIN-O 


wo 


32 | | VFRO-0 
31 | | CLKSO/ADO 
30 [] MSO/AD1 
29 | | MS1/AD2 
28 [] MS2/AD3 


27 [|] AMU/DS 
26 | | TXG/ALE 
25 || RXG/CS 
24 | | VFRO-3 
23 }] AGND3 


wo 
i) 


D94TL150 


VEXIN-3 [| 
VEXIP-3 [] 
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BLOCK DIAGRAM 


, ons peuamnnert 


id PCM INTERFACE 

a C) 
INTERNAL Y 
TIMING GEN. Dare 


& TIME SLOT ae 


ASSIGNEMENT 


00 
+ Se 
VFXIP-O rar 

ea 


VFXIN-O 
GSX-0 


CHANNEL 
DECODE 


FILTER/CODEC 0 


CONTROL 
REGISTERS 
(0 to FHex) 


CONTROL INTERFACE 
(PINSTRAP/MCU CONTROL MODES) 


AREF Q REF. 
VOLTAGES 
VREF Q 


D94TL151 


RXG/ 
cS 


TXG/ 
ALE 


MS1/ 
AD2 


MS2/ 
AD3 


AMU/ 
DS 


CLKSO/ CLKS1 
ADO 


MS0/ 
AD1 


PD/ 
RES 


ABSOLUTE MAXIMUM RATINGS 


| Symbol __| Parameter | Value | Unit _ 
Voc to Vss ae Tee ee 
Eee 

| mA 


Input Pin Voltage GND-0.3 to Voc+0.3 
| tw —_|_Input Pin Current 


mA 

Output Pin Current 

Power dissipation 
Storage Temperature Range -60 to +150 C 
300 C 

C 


(1): Latch up current will exceed 100mA (Target 200mA). 
OPERATING RANGE 


Parameter Value 


Supply Voltage 4.75 to 5.25 


Operating Resistance Junction to Ambient -40 to +85 


THERMAL DATA 


Symbol 
Thermal Resistance Junction to Ambient 


2/4 


V 

: V 

Static discharge (100pF; 1.5KQ) “ 1000 (Target 2000) 
Lead Temperature (soldering, 10s) ae aaa 


| Symbol _| 


O 
aE 
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STLC5048 


PIN DESCRIPTION 
/O DEFINITION 


Type 
Analog Input 


Al 
AO Analog Output 
PS 


Al/O Analog Input/Output 
Digital Input 
Chip Power/Ground 


Digital Output 
Open Drain Output 


ANALOG PIN DESCRIPTION 


inverting input TX Input Amplifier - 0 
GSX-0 Analog output of the TX Input Amplifier - 0. Used to set gain externally. 
43 


Analog output of the TX Input Amplifier - 1. Used to set gain externally. 
12 VFXIP-2 Non-inverting input of theTX Input Amplifier - 2 


| No. 

| 32 

a 

ees 

iP eae! 

beeen 

lees 

| 38 

aa) 

| a | 

| 40 | 

Lia | 
VFXIN-2 
| 2t | vFxip-3 | Al_|Non-inverting inputoftheTX Input Amplifier-3 
Inverting input TX Input Amplifier - 3 

| 18 | GSx-3 | AO | Analog output of the TX Input Amplifier-3.Usedto set gain externally, 
| 36 [| Azo 
esas! 
=i 


AZO 
1 


> 


NO 
© 


Z Auto-Zero pin for Ch. 1, A0.1uF capacitor should be connected beween this pin and VSS. (1) 
AZ2 Auto-Zero pin for Ch. 2, A0.1uF capacitor should be connected beween this pin and VSS. (1) 
AZ3 Auto-Zero pin for Ch. 3, A 0.1uF capacitor should be connected beween this pin and VSS. (1) 


AREF High impedance ground pin (common for all four channels). A 0.1uF capacitor should 
AlO 


Auto-Zero pin for Ch. 0, A0.1uF capacitor should be connected beween this pin and VSS. (1) 


be connected between this pin and VSS. (1) 
Low impedance Ground pin for channel 0. It is a 2.5V midsupply level with 10uA 
current capability. A 0.1uF capacitor should be connected between this pin and VSS. 


AGND1 AlO_ | Low impedance Ground pin for channel 1. It is a 2.5V midsupply level with 10uA 

current capability. A 0.1uF capacitor should be connected between this pin and VSS. 
Low impedance Ground pin for channel 2. It is a 2.5V midsupply level with 10uA 
current capability. A 0.1uF capacitor should be connected between this pin and VSS. 


Low impedance Ground pin for channel 3. It is a 2.5V midsupply level with 10uA 
current capability. A 0.1uF capacitor should be connected between this pin and VSS. 


> 
G) 
= 
O 
Oo 


(1): Low leakage capacitors should be used (lieak < 10nA) 


> 
G) 
= 
O 
Nv) 
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POWER AND REFERENCE PIN DESCRIPTION 


| No. | Name | Type_ 
| 17 | vss | PS _| Digital ground. 
| voo_|_Fs_| 5V Power Supply 


VREF AlO | CODEC 4.0V Voltage Reference Output for Decoupling. A 0.1nF capacitor should be 
connected between this pin and VSS 1) 


(1): Low leakage capacitors should be used (leak < 10nA) 


DIGITAL PIN DESCRIPTION 


CMOS Mode Select. 1: MCU control mode. 0: Seneias control mode. 
(ee 5 | ee Transmit Frame Sync. Pulse. 
bre Receive Frame Sync. Pulse. 


Tk Master Clock Input. Three possible frequencies can be used: 
1.536/1.544 MHz; 2.048 MHz; 4.096 MHz. Depending on the MCLK 
rl 


MCLK 


DIGITAL PIN ie ae aaa DESCRIPTION (continued) 


high impedance state except when a time slot is active on the DX 
output. In this case TSX output pulls low to enable the backplane line 
driver. Should be strapped to VSS when not used. 


Transmit PCM interface. It remains in high impedance state except 
during the assigned time slots during which the PCM data byte is 
shifted out on the rising edge of MCLK. 


Receive PCM interface. It remains inactive except during the assigned 
receive time slots during which the PCM data byte is shifted in on the 
falling edge of MCLK. 


freq. CLKSO and CLKS1 should be 
CMOS/TTL 


Transmit Time Slot (open drain output, 3.2mA). Normally it is floating in 
TTL 


| No._| 
eel 
| 14 | 
re 


oe 


CLKS0/ADO 
CLKS1 


CMOS/TTL | MS=0 (pin strap mode): Together with CLKS1 define MCLK frequency. 
MS=1 (MCU contro! mode): Address/Data Bit 0. 


CMOS/TTL | MS=0 (pin strap mode): Together with CLKSO define MCLK frequency. 
MS=1 (MCU control mode): Not used should be connected to GND 


for DX and DR. When operating at 4.096MHz, CLKSO is used for 
timeslot definition. 
MS=1 (MCU control mode): Address/Data Bit 2. 

MS=0 (pin strap mode): Together with MSO, MS1 define time slot group 
MS=1 (MCU control mode): Address/Data Bit 3. 

MS=0 (pin strap mode): A/u Law sel.: AMU=0: p law all bit inv. AMU=1: 
A law even bit inv. 
MS=1 (MCU control mode): Data Write Strobe (active low). 

CMOS/TTL | MS=0 (pin strap mode): TX gain set: TXG=0: 0.0dB TXG=1: 3.5dB 
MS=1 (MCU control mode): Address Latch Enable. 


MSO/AD1 CMOS/TTL | MS=0 (pin strap mode): Together with MS1, MS2 define time slot group 
for DX and DR. When operating at 4.096MHz CLKSO ts used for timeslot 
definition. 

MS=1 (MCU contro! mode): Address/Data Bit 1. 
for DX and DR. When operating at 4.096MHz also CLKSO is used for 
CMOS/TTL | MS=0 (pin strap mode): RX gain set: RXG=0: -0.5dB RXG=1: 3.0dB 


a MS1/AD2 | CMOS/TTL | MS=0 (pin strap mode): Together with MSO, MS2 define time slot group 
. | timeslot definition. 


MS=1 (MCU control mode): Chip Select Enable. 
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MICROELECTRONICS STLC5411 


2B1Q U INTERFACE DEVICE 


ADVANCE DATA 


GENERAL FEATURES 

a SINGLE CHIP 2BiQ LINE CODE TRANS- 
CEIVER 

=» SUITABLE FOR BOTH ISDN AND PAIR GAIN 
APPLICATIONS 

» MEETS OR EXCEEDS ANSI U.S. AND ETSI 
EUROPEAN STANDARD 

a SINGLE 5V SUPPLY 

28 PIN AND PLCC44 PACKAGE 

» 350mW MAX ACTIVE AND 10mW INACTIVE 
POWER DISSIPATION 


m HCMOS3A SGS-THOMSON ADVANCED 
1.2um DOUBLE-METAL CMOS PROCESS 


PLCC44 


ORDERING NUMBER: STLC5411FN 


TRANSMISSION FEATURES 
» 160 KBIT/S FULL DUPLEX TRANSCEIVER 


s 2B1Q LINE CODING WITH SCRAMBLER/DE- 
SCRAMBLER 

s 18KFT  (5.5KM) ON 
TWISTED PAIR CABLES 

s SUPPORTS BRIDGE TAPS, SPLICES AND 

MIXED GAUGES 

>70DB ADAPTIVE ECHO-CANCELLATION 

ON CHIP HYBRID CIRCUIT 

DECISION FEEDBACK EQUALIZATION 

ON CHIP ANALOG VCO SYSTEM 

DIRECT CONNECTION TO SMALL LINE 

TRANSFORMER 


26AWG/24AWG 


Ceramic DIP28 


ORDERING NUMBER: STLC5411CJ 


SYSTEM FEATURES 

a ACTIVATION/DEACTIVATION CONTROLLER 

» ON CHIP CRC CALCULATION AND VERIFI- 
CATION INCLUDING TWO PROGRAMMA- 
BLE BLOCK ERROR COUNTERS 

» EOC CHANNEL AND OVERHEAD-BITS 
TRANSMISSION WITH AUTOMATIC MES- 
SAGE CHECKING 

» GCI AND MW/DS!I MODULE INTERFACES 
COMPATIBLE 

a DIGITAL LOOPBACKS 


a IDENTIFICATION CODE AS PER GCl 


COMPLETE (2B+D) ANALOG LOOPBACK IN LT 
ELASTIC DATA BUFFERS AND BACKPLANE 
CLOCK DE-JITTERIZER 

AUTOMODE NT1 AND REPEATER 

"U ACTIVATION ONLY” IN NT1 


December 1994 
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a EASILY 


STANDARD 

INTERFACEABLE WITH ST5451 
(HDLC & GCI CONTROLLER), ST5421 SID- 
GCI TRANSCEIVER AND ANY OTHER GCI, 
IDL or TDM COMPATIBLE DEVICES 
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PIN CONNECTIONS (Top view) 


PLCC44 PLCC44 
MICROWIRE MODE GCI MODE 


LSO/SFSP/ALS 


= 3 
4 4 
LJ tL 
4° (44 


’ ’ 
Oo 
=] _ 

LJ Lo 
3 2 


36 || cxoD2 SO/FSb/TEST2 | | 10 


35 |] sFsx 35 [] 5Fsx/eFs 


GNoD2 | | 127 23 || xTAL1 


a 
N 
N 
ai 
iw] 


FeR/SCLK | | 


APISTS414-Gsar 


roastesti [18 
1O3/EC/LFS 118 
102/ES2/EC | | 

S2/CONF2 | | 

LOL/ESL/PLLO | | 

Si/CONF 4 | | 


AIISTS4E21+BIA 


DIP28 DIP28 
MICROWIRE MODE GCI MODE 


LBe 

Li+ 

LI- 
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GENERAL DESCRIPTION 


STLC5411 is a complete monolithic transceiver 
for ISDN Basic access data transmission on 
twisted pair subscriber loops typical of public 
switched telephone networks. The device is fully 
compatible with both ANSI T1.601-1988 U.S. and 
CSE (C32-11) French specifications. It is  in- 
tended also to comply with ETSI specification 
both in term of transmission performances and re- 
quested features. 


The equivalent of 160 kbit/s full-duplex transmis- 
sion on a single twisted pair is provided, accord- 
ing to the formats defined in the a.m. spec. 
Frames include two B channels, each of 64 kbit/s, 
one D channel of 16 kbit/s plus an additional 4 
kbit/s M channel fcr loop maintenance and other 
user functions. 12 kbit/s bandwidth is reserved for 
framing. 2B1Q Line coding is used, where pairs of 
bits are coded into one of 4 quantum levels. This 
technique results in a low frequency spectrum 
(160 kbit/s turn into 80 kband), thereby reducing 
both line attenuation and crosstalk and achieving 
long range with low Bit Error Rates. 


The system is designed to operate on standard 
types of cable pairs including mixed gauges 
(26AWG, 24 AWG and 22 AWG) including the 15 
loops configuration specified by ANSI. Good 
noise margins are achieved even when bridged 
taps are present. On 26AWG cable, the transmis- 
sion range is in excess of 5.5 km (18 kft) in pres- 
ence of crosstalk and noise as specified by ANSI 
standard. STLC5411 is designed to operate with 
Bit Error Rate near-end Crosstalk (NEXT) as 
specified in european ETSI recommendation. 

To meet these very demanding specifications, the 
device includes two Digital Signal Processors, 
one configured as an adaptive Echo-Canceller to 
cancel the near end echoes resulting from the 
transmit/receive hybrid interface, the other as an 
adaptive line equalizer. A Digital Phase-Locked 
Loop (DPLL) timing recovery circuit is also in- 
cluded that provides in NT modes a 15.36 MHz 
synchronized clock to the rest of the system. 
Scrambling and descrambling are performed as 
specified in the US and French specifications. 


On the system side, STLC5411 can be linked to 
two bus configuration simply by pin MW bias. 


MICROWIRE(uW/DSI) mode (MWpin = 5V): 144 
kbit/s 2B+D basic access data is transferred on a 
multiplex Digital System Interface with 4 different 
interface formats (see fig. 2 and 3) providing 
maximum flexibility with a limited pin count 
(BCLK, Bx, Br, FSa, FSb). Three pre-defined 
2B+D formats plus an internal time slot assigner 
allows direct connection of the UID to the most 
common multiplexed digital interfaces (TDM/IDL). 
Bit and Frame Synchronisation signals are inputs 
or outputs depending on the configuration se- 


STLC5411 


lected. Data buffers allow any phase between the 
line and the digital interface. That permits building 
of slave-slave configurations e.g. in NT72 trunk- 
cards. 


It is possible to separate the D from the B chan- 
nels and to transfer it on a separate digital inter- 
face (Dx, Dr) using the same bit and frame clocks 
as for the B channels or in a continuous mode us- 
ing an internally generated 16 kHz bit clock output 
(DCLK). 


All the Control, Status and Interrupt registers are 
handled via a control channel on a separate serial 
interface_MICROWIRE compatible (CI, CO, CS, 
CCLK, INT) supported by a number of microcon- 
troller including the MCU families from SGS- 
THOMSON 


GCI mode (MWpin = OV). Control/maintenance 
channels are multiplexed with 2B+D basic access 
data in a GCI compatible interface format (see fig. 
4a) requiring only 4 pins (BCLK, Bx, Br, FSa). On 
chip GCI channel assignement allows to multiplex 
on the same bus up to 8 GCI channels, each sup- 
porting data and controls of one device. Bit and 
Frame Synchronisation signals can be inputs or 
ouputs depending on the configuration selected. 
Data buffers, again, allow to have any phase be- 
tween the line interface and the digital interface. 


Through the M channel and its protocol allowing 
to check both direction exchanges, internal regis- 
ters can be configured, the EOC channel and the 
Overhead-bits can be monitored. Associated to 
the M channel, there are A and E channels for 
enabling the exchanged messages and to insure 
the flow control. The C/I channel allows the primi- 
tive exchanges following the standard protocol. 


In both mode (uW and GCI) CRC is calculated 
and checked in both directions internally. 
In LT mode, the transmit superframe can be syn- 
chronized by an external signal (SFSx) or be self 
running. In NT mode, the SFSx is always output 
synchronized by the transmit superframe. 


Line side or Digital Interface side loopbacks can 
be selected for each B1, B2 or D channel inde- 
pendently without restriction in transparent or in 
non-transparent mode. A transparent complete 
analog loopback allowing the test of the transmis- 
sion path is also selectable. 


Activation and deactivation procedures, which are 
automatically processed by UID, require only the 
exchange of simple commands as Activation Re- 
quest, Deactivation Request, Activation Indica- 
tion. Cold and Warm start up procedures are op- 
erated automatically without any — special 
instruction. 


Four programmable I/Os are provided in GCI for 
external device control. 
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| Pin | Name | Inout |  Céescription = 

1,4 LO+, LO- Out, Out | Transmit 2B1Q signal differential outputs to the line transformer. When 
interface circuit the line signal conforms to the output specifications in ANSI 
standard with a nominal pulse amplitude of 2.5 Volts. 

5,8 VCCA, VCCD Positive power supply input for the analog and digital sections, which must 
be +5 Volts +/-5% and must be directly connected together. 

24,9 |GNDA,GNDD1 In, In Negative power supply pins, which must be connected together close to 
All digital and analog signals are referred to these pins, which are normally 
at the system Ground. 

10 TSRb Out 
This pin is an open drain output normally in the high impedance state which 
pulls low when B1 and B2 time-slots are active. It can be used to enable the 

SCLK Out (NT configuration only) 
15.36 MHz clock output which is frequency locked to the received line 
signal active as soon as UID is powered up except in NT1 Auto 
configuration (active only if S line activation is requested 
The master clock input, which requires either a parallel resonance crystal to 
be tied between this pin and XTAL2, or a logic level clock input from a 
interface clocks (FSa, BCLK).Crystal specifications: 15.36 MHz +/-5O0ppm 
parallel resonant; Rs < 20 ohms; load with 33pF to GND each side. 


PIN FUNCTIONS (no Specific Microwire / GCI Mode) 
used with an appropriate 1:1.5 step-up transformer and the proper line 
LI+, LI- | oInin Receive 2B1Q signal differential inputs from the line transformer. 
GNDD2 the device. 
(LT configuration only) 
Tristate control of a backplane line-driver. 

20 XTAL2 Out The output of the crystal oscillator, which should be connected to one end 
of the crystal, if used. Otherwise, this pin must be left not connected. 
stable source. This clock does not need to be synchronized to the digital 

MW MICROWIRE selection: When set high, MICROWIRE control interface is 
selected. When set low, GCI interface is selected. 


PIN FUNCTIONS (specific Micro Wire mode) 


Input or Output depending of the CMS bit in CR1 register, FSA is a 8 KHz 
clock which indicates the start of the frame on Bx when FSA is input, or Bx 
and Br when FSA is output. 

Input or Output, the location of FSA relative to the frame on Bx or Bx and Br 
depens of DDM bit in CRi register, also the selected format. 


Input or Output depending of the CMS bit in CR1 register, FSB is a 8 KHz 
clock which indicates the start of the frame on Br when it is an input. When 
it is an output, FSB is a 8 KHz pulse conforming with the selected format 
and always indicating the second 64Kbit/sec channel of the frame on Br. 
Input or Output, the location of FSB relative to the frame on Br depends of 
DDM bit in CR1 register, also the selected format. 


2B+D datas tristate output. Datas received from the line can be shifted out 
on the rising edge (at the BCLK frequency or the half BCLK frequency if 
format 4 is selected) during the assigned time slot. Br is in high impedance 
state outside the assigned time slot and during the assigned time slot of the 
channel if it is disabled. 

When D channel port is enabled, only B1 B2 are on Br. 
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PIN FUNCTIONS (specific Micro Wire mode) 


| ; 


Bit clock input or output depending of the CMS bit in CMR register. When 
BCLK is an input, its frequency may be any multiple of 8 KHz from 256 KHz 
to 4096 KHz in formats 1 2 3, 512 KHz to 6176 KHz in format 4. When 
BCLK is an output, its frequency is 256 KHz, 512 KHz, 1536 KHz, 2048 
KHz or 2560 KHz depending of the selection in CR register; In this case, 
BCLK is locked to the recovered clock received from the line. Input or 
Output BCLK is synchronous with FSA/FSB. Datas are shifted in and out 
(on Bx and Br) at the BCLK frequency in formats 1 2 3. In format 4 datas 
are shifted out at half the BCLK fre 


2B+D input. Basic access data to transmit to the line can be shifted in on 
the falling edges (at the BCLK frequency or the half BCLK frequency if 
format 4 is selected) during the assigned time-slots. When D channel port is 
enabled, only B1 & B2 sampled on Bx. 


D channel clock output when the D channel port is enabled in continuous 
mode. Datas are shifted in and out (on Dx and Dr) at 16 KHz on the falling 
and rising edges of DCLK respectively. In master mode, DCLK is 
synchronous with BCLK. 


D channel data output when the D channel port is enabled D channel data is 
shifted out from the UID on this pin in 2 selectable modes: in TDM mode data 
is shifted out at the BCLK frequency (or half BCLK frequency in format 4) on 
the ridsing edges when the assigned time slot is active. In continuous mode 
data is shifted out at the DCLK frequency on the rising edge continuouly. 


D channel data input when the D channel port is enabled. D channel data is 
shifted in from the UID on this pin in 2 selectable modes: in TDM mode data 
is shifted in at the BCLK frequency (or half BCLK frequency in format 4) on 
the falling edges when the assigned time slot is active. In continuous mode 
data is shifted out at the DCLK frequency on the falling edge continuously. 


Clock input for the MICROWIRE control channel: data is shifted in and out on 
Cl and CO pins with CCLK frequency following 2 modes. For each mode the 
CCLK polarity is indifferent. CCLK may be asynchronous with all the others 
UID clocks. 


MICROWIRE control channel serial input: Two bytes data is shifted out the 
UID on this pin on the rising or the falling edge of CCLK depending of the 
working mode. 


MICROWIRE control channel: serial output: two bytes data is shifted out the 
UID on this pin on the rising or the falling edge of CCLK depending of the 
working mode. When not enabled by CSb low, CO is high impedance. 


Tx Super frame synchronization. The rising edge of SFSx indicates the 
beginning of the transmit superframe on the line. In NT mode SFSx is always 
an output. In LT mode SFSx is an input or an output depending of the SFS bit 
in CR2 register. When SFSx is input, it must be synchronous of FSA. 


Rx Super frame synchronization. The rising edge of SFSr indicates the 
begenning of the received superframe on the line. UID provides this output 
only when ESFR bit in CR4 register is to 1. 


Line Signal Detect output (default conf.): This pin is an open drain output 
which is normally in the high impedance state but pulls low when the device 
previously in the power down state receives a wake-up by Tone from the 
line. This signal is intended to be used to wake-up a micro-controller from a 
low power idle mode. The LSD output goes back in the high impedance 
state when the device is powered up. 


Interrupt output: Latched open-drain output signal which is normally high 
impedance and goes low to request a read cycle. Pending interrupt data is 
shifted out from CO at the following read-write cycle. Several pending interrupts 
may be queued internally and may provide several interrupt requests. INT is 
freed upon receiving of CS low and can goes low again when CS is freed. 


Chip Select input: When this pin is pulled low, data can be shifted in and out 
from the UID through CI & CO pins. When high, this pin inhibits the 
MICROWIRE interface. For normal read or write operation, CS has to be 
pulled low for 16 CCLK periods of time. 
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PIN FUNCTIONS (specific GCI  ) 


Fo Description ti (i‘s;sS~*s*™rY 
FSA In Out Input or Output depending of the configuration. FSA is a 8 KHz clock which 
indicates the start of the frame on Bx and Br. 
SB In NT/TE non auto-mode configuration, FSB is a 8 KHz pulse always 
indicating the second 64Kbit/sec channel of the frame on Br. 
SO In When MO = 0 (LT/NT12 configuration): SO associated with S1 and S2 
selects a GCI flint number on Bx/Br. 
Input pin to select a transmission test in all auto mode configurations. 
TEST2 is associated with TEST1. 


2B+D and GCI control channel open drain output. Data is shifted out (at the 
half BCLK frequency) on the first rising edge of BCLK during the peaian! 
channels slot. Br is in high impedance state outside the assigned time slot 
and during the assigned time slot of a channel if it is desabled. 


Bit clock input or output depending of the configuration. When BCLK is an 
input, its frequency may be any multiple of 16 KHz from 512 KHz to 6176 
KHz.. When BCLK is an output, its frequence is 512 KHz in NT1 auto and 
NTRR auto configurations, 1536 KHz in NT/TE configuration; In this case, 
BCLK is locked to the recovered clock received from the line. Input or 
Output BCLK is synchronous with FSA. Datas are shifted in and out (on Bx 
and Br) at the half the BCLK frequency. 


13 Bx In 2B+D and GCI control channel input. Data is sampled by the UID on the 
second falling edge of BCLK within the period of the bit, during the assigned 
channels time slot. 

14 104 In Out General purpose programmable I/O configured by CR65 register in all non 

auto mode configurations. 

TEST1 Input pin to select a transmission test in all auto mode configurations. 

TEST1 is associated with TEST2. 

103 In Out General purpose programmable I/O configured by CRS register in all non 
auto mode configurations. 

EC Out 


External control output pin in NT1 auto configuration. Normaly high, this pin 
is pulled low when an eoc message "dperate 2B+D loopback" is recognized 
from the line. 


LFS Local febe select: 
When tied to 1 the febe is locally looped back. See figure 10. 
102 In, Out General purpose programmable I/O configured by CR85 register in all non 
auto mode configurations. 


External control output pin in LTRR auto configuration. Normaly high, this 
in is pulled low when an ARL command is received by the UID. 


External status input pin. In NT1 auto and NTRR auto configurations, this 
status is sent on the line through the ps2 bit. 
17 oe ee When MO = 0 (LT/NT12 configuration): S2 associated with SO and S1 
selects a GCI channel number on Bx/Br. 
CONF2 When MO = 1: Configuration input pin. Is used associated with CONF1 to 
select configuration NT/TE (non auto), NT1 auto, LTRR auto and NTRR 


auto. 


In Out General purpose programmable I/O configured by CR5 register in all non 
auto mode configurations. 
External status input pin. In NT1 auto and NTRR auto configurations, this 
status is sent on the line through the ps1 bit. 


= ce aC PLL1 can be disabled in LTRR onto configuration with this pin. 


19 Ce MO = 0 (LT/NT12 configuration): S1 associated with SO and S2 
i ae 


Ce a GCI channel number on Bx/Br. 
8/69 


When MO = 1: Configuration input pin. Is used associated with CONF2 to 
select configuration NT/TE (non auto), NT1 auto, LTRR auto and NTRR 
auto. 


f SGS- 
>/ | Sees 


336 


STLC5411 


PIN FUNCTIONS (specific GCI mode) 


| Pin | Name | In/Out __ 


Remote febe select: 
When tied to 0 the remote febe is not transferred. When tied to 1 febe is 
transparently reported. See figure 10. 


| in| Analog interface select for all auto mode configurations 


Rx Super frame synchronization. The rising edge of SFSr indicates the 
beginning of the received superframe on the line. UID provides this output 
only when ESFR bit in CR4 register is to 1 and LT/NT12 or NT/TE 
configuration is done. 


Line Signal Detect output (default conf.): This pin is an open drain output 
which is normally in the high impedance state but pulls low when the device 
previously in the power down state receives a wake-up by Tone from the 
line. This signal is intended_to be used to wake-up a micro-controller from a 
low power idle mode. The LSD output goes back in the high impedance 
state when the device is powered up. 


Reset input pin with internal pull-up resistor. When pulled low, all registers 
of the UID are reset to their default values. UID is configured according to 
configuration inputs bias excluding MW input which must be maintained at 
the 0 volt. minimum recommended pulse lenght is 200us. 


Configuration input pin. When pulled low, GCI channel assigner is selected 
(channel number defined by inputs SO, S1, S2). When pulled high, UID is 
configured by pins CONF1 and CONF2. 


MULTIPLE FUNCTION PIN DESCRIPTION 
Pin 1: LO+ always 


Pin 2: Ll+ always 
Pin 3: LI- always 
Pin 4: LO- always 
Pin 5: VCCA always 


Pin 6: FSA 


rt Ti 
aaa Sea AGS 1  T 
ee ee 

| conrajpinj= 1; -CONESjin.=1_|_£SA__{_Out__ 
| CONFt(pin)=0_| FSA | Out __ 

| conraipin)=0 | -CONEWein.=1_|_£SA_{_in_ 
enenco pin) = 0 Out 

cl Se SSS EARAAESNN el 2 A 


(*) Only true if ANATST (internal test signal) = 0 


MW(pin) = 
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MULTIPLE FUNCTION PIN DESCRIPTION 
Pin 7: FSA 


Wiens eee ee oe 
an. eg eT ee ae ae 
| conratpinje1 | GONEtein)=1_1_TEST2__tn-_ 


CONF =0 Out 


arora 
[wopieo [Tc 


(*) Only true if ANATST (internal test signal) = 0 


W(pin) = 


Pin 8: VCCD 
Pin 9: GNDD1 


Pin 10: TSR~/SCLK/TCLK 


[Function or nvouteonaions() ‘| Funetion | tn/out 
rene PNTS(62)=1 [| -sox | on — 
—— a 

one a a 
[—nrseay-0 | ————~*d S| Own | 


(*) Only true if TDSPANA (internal test signal) = 0 


MW (pin) = 0 


Pin 11: Br 


Function or In/Out conditions (*) | Function | In/Out 
ata a ae te ee OU 4 
ee ee 


(*) Ti 7 if TSTDX (internal test signal) = 0 


Pin 12: BCLK 


Function or In/Out conditions 

Woyet eee enya oor ot 
cane erg ree oc ae aoe 

| conra(pi)= 1 | —CONEtbin) = +_7_BoLK_{_Out_ 


| So SonET pin = BCLK | Out | 
Be SONee ies CONF 1 (pin) = 1 BoLK | In| 
CONF1 (pin) = 0 BCLK 
| er aes ee 
10/69 
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MULTIPLE FUNCTION PIN DESCRIPTION 
Pin 13: Bx 


Function or In/Out conditions | Function | In/Out 
Peete tare ee 


Pin 14: DCLK/IO4/TEST1/TSYNC [R+] 


Function or In/Out Sa Buel | Function | In/Out _| 
| pene) =1 ; 2Moted)= 1 1 ___}_¢4_7¥_out_ 
| DMowray=0 | | SYNC | Out 
a Seen esos ae 
a 
CONF (pin) -o | _ea=t [| 4 | in 
| 1o4(crs)=0 | 04 | Out 
Tconrapin=of |_| test | in 
Mo(pin 9 [| | tomtersy=1 [etn 
po tersy=0 |e ut 


CONF2(pin) = 1 


Pin 15: Dr/103/EC/LFS/TDOUT [R+] 


Function or In/Out conditions (* | Function | In/Out _| 
eee 
| DENMe)=0 | | OUT | Ot 
CONF1 (pin) = 1 aaa cas: A ae 
CONF2(PIN) =1 | coin) 0 | Hoses=t [| 3 [in 

Wipin) = __ | tosersy)=0 [| 03 | out 
ronrapiso| rs in 
 wopmy-8 | rt | 
° [ Ftosters)20 [03 ot 


(*) Only true if TDSPANA (internal test signal) = 0 


Pin 16: Dx/lIO2/EC/ES2/TDIN [R+] 


Function or In/Out conditions (* 


nO co 
= 
eee 
Conran =" conesgin =o | SBeei=t [Bf a 
ioaters)=0 | 02 | ou 

ae coxrion. | ME? [> BE 
[CONFI(pin)=0[ | ese | mn 
ee 
. Fes =0 Ou 


(*) Only true if T@SCEN (internal test signal) = 0 


MO(pin) = 1 
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MULTIPLE FUNCTION PIN DESCRIPTION 
Pin 17: CCLK/S2/CONF2 


Function or In/Out conditions | Function | In/Out 
Sonaeeg 5 7 a RSME I REDE CCLK in 


} MiWipny =o [MOM r_}___7>__}_1_conr_{_in_ 
mopin)=0 [cet 


Pin 18: CI/lO1/ES1/PLLD [R+] 


Function or In/Out conditions In/Out 


wipe [ eee! cl 
ee ee 
CONFI = 1 coyrspin 0 | eat | Hh Ln 
ees Tioves)=0 | or | ou 
eS a 
FCONFipiny=o] | est | in 
———feouriensof ff a 
po ters)0 [oro 


Pin 19: CO/S1/CONF1 


Ss ea ena mene Rasen Sil At 
MO (GIN Se ls es ee CON ine oa 
ee eee eal ae aaa 


men’ Litopinzo | dL CS” $2 
Pin 20: XTAL2 
Pin 21: XTAL1 


Pin 22: SFSx/RFS [R+] 


Function or In/Out conditions In/Out 
ene ee ee 
wrsierm)-0 -Sése@=1 | | Fox 
SFS(cr2) = 0 


| Out 

| Out 

Reale 

= ae 
|CONFa(pn)=0] | sin 

ga ees a= Te 

1} extOurea! 

ae ae 


W(pin) = NTS( is 
O(pin) = SFS(cr2) = 1 
NTS(cr2) = 
SFS(cr2) = 


Pin 23: GNDD2 
Pin 24: GNDA 
12/69 
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MULTIPLE FUNCTION PIN DESCRIPTION 
Pin 25: LSD~/SFSr/AIS 


Function or In/Out conditions | Function | In/Out 
: es ee =e ee 
MW(pin) = 1 
pC SRE) =0 | LSD~ Out OD 


CONF 1 (pin) = 4 Se eae 


CONFER) = 1 ny 
iSD- 

CONFZ(pin=0 ee 

Spmee |__| | 8stnea)=1|srsr_| ono0 
i a CC 


Pin 26: INT~/RES~ [R+] 


Function or In/Out conditions In/Out 
ee le er ona 


Pin 27: CS~/MO 


Function or In/Out conditions In/Out 


PIN28: MW 


Notes: ~ = complement 
: [R+] = Pull up Resistor 
: Out OD = Open Drain Output 
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FUNCTIONAL DESCRIPTION 
Digital Interfaces 


STLC5411 provides a choice between two types 
of digital interface for both control data and (2 
B+D) basic access data. 


These are: 
a) General Circuit Interface: GCI. 
b) Microwire/Digital System Interface: pW/DSI 


The device will automatically switch to one of 
them by sensing the MW input pin at the Power 


up. 
uW/DSI MODE 


Microwire control interface 

The MICROWIRE interface is enabled when pin 
MW equal one. Internal registers can be written or 
read through that control interface. 

It is constituted of 5 pins: 


Cl: data in 

CO: data output 
CCLK: data clock input 
CS: Chip Select input 
INT: Interruption output 


Transmission of data onto Cl & CO is enabled 
when CS input is low. 


A Write cycle or a Read cycle is always consti- 
tuted of two bytes. CCLK must be pulsed 16 
times while CS is low. 


Transmission of data onto Cl & CO is enabled fol- 
lowing 2 modes. 


— MODE A: the CCLK first edge after CSb fall- 
ing edge (and fifteen others odd CCLK 
edges) are used to shift in the Cl data, the 
a edges being used to shift out the CO 

ata. 


— MODE B: the CCLK first edge after CSb fall- 
ing edge (and the fifteen others odd CCLK 
loss) are used to shift out the CO data, the 
even edges being used to shift in the Cl data. 


For each modes the first CCLK edge after CSb 
falling edge can be positive or negative: the UID 
automaticaly detects the CCLK polarity. 

Mode A is the default value. To select the mode 
B, write MWPS register. 


You can write in the UID on Cl while the UID send 
back a register content to the microprocessor. If 
the UID has no message to send, it forces the CO 
output to all zero’s. 


lf the UID is to be read (status change has oc- 
cured in the UID or a read-back cycle has been 
requested by the controller), it pulls the INT out- 
put low until CS is provided. INT high to low 
transition is not allowed when CS is low (the UID 
waits for CS high if a pending interrupt occurs 
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while CS is low) . 


When CS is high, the CO pin is in the high imped- 
ance state. 


Write cycle 
The format to write a 8 bits message into the UID 
is: 


1st byte 
|o7 | be | ps | o4 | os | v2 | ot | do | 
| 2nd byte 
A7-A1: Register Address 
AO: Write/Read back Indicator 


D7-DO: 


After the first byte is shifted in, Register address 
is decoded. AO set low indicates a write cycle: the 
content of the following received byte has to be 
loaded into the adressed register. 

AO set high indicates a read-back cycle request 
and the byte following is not significant. The UID 
will respond to the request with an interrupt cycle. 
It is then possible for the microprocessor to re- 
ceive the required register content after several 
other pending interrupts. 


To write a 12bits message, the difference is: 
limited address field: A7 - A4 

extended data field (D11 - D8): A3 - AO. 

The Write/Read back indicator doesn’t apply; to 
read and write a 12 bits register two addresses 
are necessary. 


Register Content 


Read cycle 


When UID has a register content to send to the 
microprocessor, it pulls low the INT output to re- 
quest CS and CCLK signals. Note that the data to 
send can be the content of a Register previously 
requested by the microprocessor by means of a 
read-back request. 

The format of the 8 bits message sent by the UID 
is: 


1st byte 


_07 | De | 05 | D4 | b3 | p2 | Dt | Do 


2nd byte 


A7-A1: Register Address 

AO: forced to 1 if read back 
forced to 0 if spontaneous 

D7-D0:- Register Content 
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To read a 12 bits message, the difference is: 
limited address field: A7 - A4 
extended data field (D11 - D8): A3 - AO. 

The Write/Read back indicator doesn't exit. 


DIGITAL SYSTEM INTERFACE 


Two B channels, each at 64 kbit/s and one D chan- 
nel at 16 kbit/s form the Basic access data. Basic 
access data is transferred on the Digital System In- 
terface with several different formats selectable by 
means of the configuration register CR1. 

The DSI is basically constituted of 5 wires (see 
fig.2 and 3): 


BCLK bit clock 
Bx data input to transmit to the line 
Br data output received from the line 


FSA Transmit Frame sync 
FSB Receive Frame sync 


It is possible to separate the D channel from the B 
channels and to transfer it on a separate Digital 
Interface constituted of 2 pins: 


Dx D channel data input 
Dr D channel data ouput 


The TDM (Time Division Multiplex) mode uses 
the same bit and frame clocks as for the B chan- 
nels. The continuous mode uses an internally 
generated 16 kHz bit clock output: 


DCLK D channel clock output 


For all formats when D channel port is enabled 
"continuous mode" is possible. When the D chan- 
nel port is enabled in TDM mode, D bits are as- 
signed according to the related format on Dx and 
Dr. 


ST5410 provides a choice of four multiplexed for- 
mats for the B and D channels data as shown in 
fig.2 and 3. 


Format 1: the 2B+D data transfer is assigned to 
the first 18 bits of the frame on Br and Bx 1/0 pins. 
Channels are assigned as follows: B1(8 bits), 
B2(8 bits), D(2 bits), with the remaining bits ig- 
nored until the next Frame sync pulse. 


Format 2: the 2B+D data transfer is assigned to 
the first 19 bits of the frame on Br and Bx I/O 
pins. Channels are assigned as follows: Bi(8 
vits), D(1 bit), 1 bit ignored, B2(8 bits), D(1 bit), 
with the remaining bits ignored until the next 
frame sync pulse. 


Format 3: Bi and B2 Channels can be inde- 
pendently assigned to any 8 bits wide time slot 
among 64 (or less) on the Bx and Br pins. The 
transmit and receive directions are also inde- 
pendent. When TDM mode is selected, the D 
channel can be assigned to any 2 bits wide time 
slot among 256 on the Bx and Br pins or on the 
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Dx and Dr pins (D port disabled or enabled in 
TDM mode respectively). 


Format 4: is a GCI like format excluding Monitor 
channel and C/I channel. The 2B+D data transfer 
is assigned to the first 26 bits of the frame on Br 
and Bx I/O pins. Channels are assigned as fol- 
lows. B1(8 bits) B2(8 bits), 8 bits ignored, D(2 
bits), with remaining bits ignored up to the next 
frame sync pulse. 


When the Digital Interface clocks are selected as 
inputs, FSA must be a 8 kHz clock input which in- 
dicates the start of the frame on the data input pin 
Bx. When the Digital Interface clocks are selected 
as outputs, FSA is an 8 kHz output pulse con- 
forming to the selected format which indicates 
the frame beginning for both Tx and Rx direc- 
tions. 


When the Digital Interface clocks are selected as 
inputs, FSB is a 8 kHz clock input which defines 
the start of the frame on the data ouput pin Br. 
When the Digital Interface clocks are selected as 
outputs, FSB is a 8 kHz output pulse indicating 
the second 64kbit/s slot. 


Two phase-relations between the rising edge of 
FSA/FSB and the first (or second for FSB as out- 
put) slot of the frame can be selected depending 
on format selected: Delayed timing mode or non 
Delayed timing mode. 


Non delayed data mode is similar to long frame 
timing on the COMBOI/II series of devices: The 
first bit of the frame begins nominally coincident 
with the rising edge of FSA/B. When output, FSa 
is coincident with the first 8 bits wide time-slot 
while FSB is coincident with the second 8 bits 
wide time-slot. Non delayed mode is not available 
in format 2. 


Delayed timing mode, which is similar to short 
frame sync timing on COMBO I/II, in which the 
FSA/B input must be set high at least a half cycle 
of BCLK earlier the frame beginning. When out- 
put, FSA 1bit wide pulse indicates the first 8 bits 
wide time-slot while FSB indicates the second. 
Delayed mode is not available in format 4. 


2B+D basic access data to transmit to the line 
can be shifted in at the BCLK frequency on the 
falling edges during the assigned time-slots. 
When D channel port is enabled, only Bi & B2 
data is shifted in during the assigned time slots. In 
format 4, data is shifted in at half the BCLK fre- 
quency on the receive falling edges. 


2B+ D basic access data received from the line 
can be shifted out from the Br output at the BCLK 
frequency on the rising edges during the assigned 
time-slots. Elsewhere, Br is in the high impedance 
state. When the D channel port is enabled, only 
Bi & B2 data is shifted out from Br. In Format 4, 
data is shifted out at half the BCLK frequency on 
the transmit rising edges; there is 1.5 period delay 
between the rising transmit edge and the receive 
falling edge of BCLK. 
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Bit Clock BCLK determines the data shift rate on 2048 KHz, 2560 KHz. 
the Digital Interface. Depending on mode se- In format 4 the use of 256kHz is forbidden. 


lected, BCLK is an input which may be any multi- BCLK is 5 
, ynchronous with FSA/B frame sync sig- 
ple of 8 kHz from 256 kHz to 6176 kHz or an out- ~— hal. When output, BCLK is phased locked to the 
put at a frequency depending on the format and — recovered clock received from the line. 
the frequency selected. Possible frequencies are: 
256 KHz, 512 KHz, 1536 KHz, 


Figure 2: DSI Interface formats: MASTER mode. 


FORMAT 1 


Bx Of Ba BP PIII 


FORMAT 2 


SZ, a :: ne (1) 7, n-ne °) 0/7 


FORMAT 3 (Example) 


Bx WINZZZZZZLLL DN? CV ITLL 


FORMAT 4 


193575418-28A 
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Figure 3: DSI Interface formats: SLAVE mode. 


FORMAT 1 


(1) (1) 


Bx Zs X a2 ~~ —~«dNONR II 
TSR | | | | 


FORMAT 2 


(a ///, TD (1) 7 i? SN (5) (////> 
i a a 


FORMAT 3 CExample) 


= Lo 2 
Bx VILLA B82 ___—* \/ WLLLLLLLLLLLLLLLA« 


FORMAT 4 


(0102) : 
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M9ISTS418-26A 
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GCI MODE 


The GCI is a standard interface for the intercon- 
nection of dedicated ISDN components in the dif- 
ferent equipments of the subscriber loop : 

In a Terminal, GCI interlinks the ST5410, the 
ISDN layer 2 (LAPD) controller and the voice/data 
processing components as an audio-processor or 
a Terminal Adaptor module. 


In NT1-2, PABX subscriber line card, or central 
office line card (LT), GCI interlinks the UID, the 
ISDN Layer 2 (LAPD) controllers and eventually 
the backplane where the channels are multi- 
plexed. 


In NT1, GCI interlinks ST5421 (SID-GCI) and 
ST5410, via automode (NT1-auto). In Regenera- 
tors, GCI links both ST5410 UID in automode 
(NT-RR-auto, LT-RR-auto). (See Fig. 4a) 


Frame Structure 


2B+D data and control interface is transferred ina 
time-division multiplexed mode based on 8 kHz 
frame structure and assigned to four octets per 
frame and direction. (see fig. 4b). 


The 64 kbit/s channels B1 and B2 are conveyed 
in the first two octets; the third octet (M: Monitor) 
is used for transferring most of the control and 
status registers; the fourth octet (SC: Signalling & 
Control) contains the two D channel bits, the four 
C/I (command/indicate) bits controlling the activa- 
tion/deactivation procedures, and the E & A bits 
oe support the handling of the Monitor chan- 
nel. 


Figure 4a: GCI configurations of the UID. 


SID-GCl SID-GCl NT1-AUTO 


TERMINAL 


PRIVATE TERMINAL 
OR NT1-2 
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LT-RR-AUTO 


These four octets per frame serving one ISDN 
subscribers line form a GCI Channel. One GCI 
channel calls for a bit rate of 256 kbit/s. 


In NT1-2s or subscriber Line Cards up to 8 GCI 
channels may be carried in a frame of a GCI mul- 
tiplex. The bit rate of a GCI multiplex may be from 
256 kbit/s and up to 3088 kbit/s. Adjacent 4-octet 
slots from the frame start are numbered 0 to 7. 
The GCI channel takes the number of the slot it 
occupies. Spare bits in the frame beyond 256 bits 
from the frame start will be ignored by GCI com- 
patible devices but may be used for other pur- 
poses if required (see Fig.4c). GC! channel num- 
ber is selected by biasing pins S0,S1,S2. 


Physical Links 
Four physical links are used in the GCI. 


Transmitted data to the line: Bx 
Received data from the line: Br 
Data clock: BCLK 

Frame Synchronization clock: FSA 


GCI is always synchronized by frame and data 
clocks derived by any master clock source. 


A device used in NT mode can deliver clock 
sources able to synchronize GCI, either directly, 
or via a local Clock Generator synchronized on 
the line by means of the SCLK 15.36 MHz output 
clock. Frame clock and data clock could be inde- 
pendent of the internal devices clocks. Logical 
one on the Br output is the high impedance state 
while logical zero is low voltage. For E and A bits, 
active state is voltage Low while inactive state is 
high impedance state. 


NT-RR-AUTO 


REPETOR 


LINE TERMINATION 
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Figure 4b: GCI interface format. 


GCI CHANNEL 0 GCI CHANNEL 1 GCI CHANNEL 7 
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SLAVE MODE 


GCI CHANNEL 0 
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MASTER MODE (BCLK = 1.536MHz) 
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Figure 4c: GCI multiplex examples, (slave mode). 
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FSea 
SKHz 


BCLK 
512KHz 


Bx/Br 
256Kbit/s 


FSe 
BKH2 


BCLK 
4896KHz 


Bx/Br 
2848Kbit/s 


FSa 
BKH2 


BCLK 
JBBBKHZ 


Bx/Br 
A554Kbit/s 


FSa 
8KHz 


BCLK 
6176KH2 


seuckn es ee eZ 


3.888MHzZ 
N89ST5418-B4A SPARE Eagar en 436 BITS 


BCLK min ~ 512KHz. BCLK max ~ 6.1/6MHz2 
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Data is transmitted in both directions at half the 
data clock rate. The information is clocked by the 
transmitter on the front edge of the data clock and 
can be accepted by the receiver after 1 to 1.5 pe- 
riod of the data clock. 


The data clock (BCLK) is a square wave signal at 
twice the data transmission frequency on Bx and 
Br with a 1 to 1 duty cycle. The frequency can be 
choosen from 512 to 6176 kHz with 16 kHz 
modularity. Data transmission rate depends only 
on the data clock rate. 


Table 1: GC! Configuration selection. 


LT/NT12* 


MW 


MO 
S1/CONF1 
S2/CONF2 
SO/FSb/TEST2 
lO1/ES1 
lO2/ES2 
1O3/EC 
lO4/TEST1 


SFSx/RFS 


Configuration 
NT/TE NT1-AUTO LT-RR-AUTO | NT-RR-AUTO 
0 0 0 0 
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The Frame Clock FSa is a 8 kHz signal for syn- 
chronization of data transmission. The front edge 
of this signal gives the time reference of the first 
bit in the first GCI input and output channel, and 
reset the slot counter at the start of each frame 


When some GCI channels are not selected on 
devices connected to the same GCI link, these 
time slots are free for alternative uses. 


GCI configuration selection is done by biasing of 
input pins MW, MO, CONF1, CONF2 according to 
TABLE1. 


* Differentation between LT and NT configuration done by bit NTS in CR2 register; GCI in slave mode. 


When NT1-AUTO or NT-RR-AUTO configuration is selected, BCLK bit clock frequency of 512 kHz is 
automatically selected 


When NT configuration is selected, BCLK bit clock frequency of 1536 kHz is automatically selected. 
** Connected to Vcc through internal pull-up resistors. 
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Monitor channel 


The Monitor channel is used to write and read all 
STLC5411 internal registers. Protocol on the 
Monitor channel allows a bidirectional transfer of 
bytes between UID and a control unit with ac- 
knowledgement at each received byte. Bytes are 
transmitted on the Br output and received on the 
Bx input in the Monitor channel time slot. 

A write or read cycle is always constituted of two 
bytes. (see fig. 5). It is possible to operate several 
write or read cycles within a single monitor mes- 
sage. 


Note: Special format is used for EOC channel. 


Write cycle 
The format to write a message into the UID is: 


1st byte 
| 07 _| ps | os | 04 | os | be | ot | bo | 
2nd byte* * 
A7-Ai: Register Address 
AO: Write/Read back Indicator 
D7-D0: Register Content 


After the first byte is shifted in, Register address 
is decoded. AO set low indicates a write cycle: the 
content of the following received byte has to be 
loaded into the addressed register. 


AO set high indicates a read-back cycle request. 
the second byte content is not significative. 
ST5410 will respond to the request by sending 
back a message with the register content associ- 
ated with its own address. It is then possible for 
the microprocessor to receive the required regis- 
ter content after several other pending messages. 
To avoid any loss of data, it is recommended to 
operate only one read-back request at a time. 


Note: Special format is used for EOC channel. 


Read cycle 


When UID has a register content to send to the 
controller, it send it on the monitor channel di- 
rectly. Note that the data to send can be the con- 
tent of a Register previously requested by the 
controller by means of a read-back request. 


The format of the message sent by the UID is: 


1st byte 


| b7 | be | Ds | D4 | 03 | b2 | ot | Do | 


2nd byte 
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A7-A1: Register Address 

AQ: forced to 0 is spontaneous 
interrupt 

D7-DO: forced to 1 if read-back 


Register Content 


Exchange Protocol 


STLC5411 validates a received byte if it is de- 
tected two consecutive times identical. (see fig. 5) 


The exchange protocol is identical for both direc- 
tions. The sender uses the E bit to indicate that it 
is sending a Monitor byte while the receiver uses 
A bit to acknowledge the received byte.When no 
message is transferred, E bit and A bit are forced 
to inactive state. 


A transmission is started by the sender (Transmit 
section of the Monitor channel protocol handler) 
by putting the E bit from inactive to active state 
and by sending the first byte on Monitor channel 
in the same frame. Transmission of a message is 
allowed only if A bit sent from the receiver has 
been set inactive for at least two consecutive 
frames. When the receiver is ready, it validates 
the incoming byte when received identical in two 
consecutive frames. Then, the receiver set A bit 
from the inactive to the active state (preacknowl- 
edgement) and maintain active at least in the fol- 
lowing frame (acknowledgement). 


If validation is not possible (two last bytes re- 
ceived are not identical) the receiver aborts the 
message by setting the A bit active for only a sin- 
gle frame.The second byte can be transmitted by 
the sender putting the E bit from the active to the 
inactive state and sending the second byte on the 
Monitor channel in the same frame . The E bit is 
set inactive for only one frame. If it remains inac- 
tive more than one frame, it is an end of mes- 
sage. The second byte may be transmitted only 
after receiving of the pre-acknowledgement of the 
previous byte . Each byte has to be transmitted at 
least in two consecutive frames. 


The receiver validates the current received byte 
as for the first one and then set the A bit in the 
next two frames first from the active state to the 
inactive state (pre-acknowledgement) and back to 
the active (acknowledgement). If the receiver can- 
not validates the received current byte (two bytes 
received not identical)it pre-acknowledges nor- 
mally but let the A bit in the inactive state in the 
next frame which indicates an abort request . Ifa 
message sent by the UID is aborted, the UID will 
send again the complete message until receiving 
of an acknowledgement . A message received by 
the UID can be acknowledged or aborted with 
flow Control. 


The most significant bit (MSB) of Monitor byte is 
sent first on the Monitor channel. E & A bits are 
active low and inactive state on Br is 5 V. When 
no byte is transmitted, Monitor channel time slot 
on Br is in the high impedance state. 


yp S¢S-THomson 
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A 24 ms timer is implemented in the UID. This 
timer (when enabled) starts each time the sender 
starts a byte sending and waits for a pre acknow- 
ledgement. 


C/I channel 


The C/I channel is used for TXACT and RXACT 
registers write and read operation. However, it is 
possible to access to ACT registers by monitor 
channel: this access is controled by the CID bit in 


Figure 5: GCI Monitor channel messaging examples. 


; 
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Ready 


for a message 
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CR2 register. 


The four bits code (C1,C2,C3,C4) of TXACT reg- 
ister can be loaded in the UID by writing perma- 
nently this code in the C/I channel time-slot on Bx 
input every GCI frames. The UID takes into ac- 
count the received code when it has been re- 
ceived two consecutive times identical. When a 
status change occurs in the RXACT register, the 
new (C1,C2,C3,C4) code is sent in the C/I chan- 
nel time-slot on Br output every GCI frames. This 
code is sent permanently by the UID until a new 


| 
| 


3rd byte?? 
(X) 
pre-ack ack pre-ack?? 


Ready for 
(M2) (M2) (X) 


a new message 


TWO BYTES MESSAGE - NORMAL TRANSMISSION 


+ | 
2nd byte 
(M2) 


Ready for pre-ack ack pre-ack 
amessage (M1) (M1) (M2) 


3rd byte??_ «| EOM Ist byte 
| (X) (or abort ack) (M1) 


abort Ready for 
(M2) retransmission 


TWO BYTES MESSAGE ABORTED ON THE SECOND AND RETRANSMITTED 


E & ABITS TIMING 
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status change occurs in RXACT register. 
C1 bit is sent first to the line. 


LINE CODING AND FRAME FORMAT 


2B1Q coding rule requires that binary data bits 
are grouped in pairs so called quats (see Tab.2). 
Each quat is transmitted as a symbol, the magni- 
tude of which may be 1 out 4 equally spaced volt- 
age levels (see Fig. 6). +3 quat refers to the 
nominal pulse waveform specified in the ANSI 
standard. Other quats are deduced directly with 
respect of the ratio and keeping of the waveform. 


The frame format used in UID follows ANSI speci- 
fication (see Tab. 3 and 4). Each complete frame 
consists of 120 quats, with a line baud rate of 80 
kbaud, giving a frame duration of 1.5ms. A nine 
quats lenght sync-word defines the framing 
boundary. Furthermore, a Multiframe consisting of 
8 frames is defined in order to provide sub-chan- 
nels within the spare bits M1 to M6. Inversion of 
the syncword defines the multiframe boundary. In 
LT, the transmit multiframe starting time may be 
synchronized by means of a 12 ms period of time 
pulse on the SFSx pin selected as an input (bit 
SFS in CR2); If SFSx is selected as an output, 
SFSx provides a square wave signal with the ris- 
ing edge indicating the multiframe starting time. In 
NT, the transmit multiframe starting time is pro- 
vided on SFSx output by the rising edge of a 12 
ms period of time square wave signal. LT or NT, 
when pin 25 is selected as SFSr by mean of bit 
ESFr in CR4, SFSr is a square wave open drain 
output indicating the received superframe on the 
line. (see figure 7). Prior to transmisssion, all 
data, with the exception of the sync-word,is 
scrambled using a self-synchronizing scrambler 
to perform the specified 23rd-order polynomial. 
Descrambling is included in the receiver. Polyno- 
mial is different depending on the direction LT to 
NT or vice versa. 


TRANSMIT SECTION 


Data transmitted to the line consists of the 2B+D 
channel data received from the Digital Interface 
through an elastic data buffer allowing any phase 
deviation with the line, the activation/deactivation 
bits (M4) from the on-chip activation sequencer, 
the CRC code plus maintenance data (eoc chan- 
nels) and other spare bits in the overhead chan- 
nels (M4, M5, M6). Data is multiplexed and 
scrambled prior to addition of the sync-word, 
which is generated within the device. A pulse 
waveform synthesizer then drives the transmit fil- 
ter, which in turn passes the line signal to the line 
driver. The differential line-driver Outputs, LO+, 
LO- are designed to drive a transformer through 
an external termination circuit. A 1:1.5 trans- 
former designed as shown in the Application sec- 
tion, results in a signal amplitude of 2.5V pk 
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nomince on the line for single quats of the +3 
level. (See output pulse template fig.8). Short-cir- 
cuit protection is included in the output stage; 
over-voltage protection must be provided exter- 
nally. 


In LT applications, the Network reference clock 
given by the FSa 8kHz clock input synchronizes 
the transmitted data to the line. The Digital Inter- 
face normally accepts BCLK and Fsa signals from 
the network, requiring the selection of Slave 
Mode in CRi. A Digital Phase-Locked Loop 
(DPLL#1) on the UID allows the SCLK frequency 
to be plesiochronous with respect to the network 
reference clock (8 kHz FSa input). With a toler- 
ance on the XTAL1 oscillator of 15.36 MHz +/- 
100 ppm, the lock-in range of DPLL1 allows the 
network clock frequency to deviate up to +/- 
50ppm from nominal. 


In LT, if DSI is selected in Master mode, (Mi- 
crowire only, bit CMS = 1 in CR1), BCLK and FSa 
signals are outputs frequency synchronized to 
XTAL1 input, DPLL#1 is disabled. 


In NT applications, data is transmitted to the line 
with a phase deviation of half a frame relative to 
the received data as specified in the ANSI stand- 
ard. 


RECEIVE SECTION 


The receive input signal should be derived from 
the transformer by a coupling circuit as shown in 
the Application section. At the front end of the re- 
ceive section is a continuous filter which limits the 
noise bandwidth to approximately 100kHz. Then, 
an analog pre-canceller provides a degree of 
echo cancellation in order to limit the dynamic 
range of the composite signal which noise band- 
width limited by a 4th order Butterworth switched 
capacitor low pass filter. After an automatic gain 
control, a 13bits A/D converter then samples the 
composite received signal before the echo can- 
cellation from local transmitter by means of an 
adaptive digital transversal filter. The attenuation 
and distortion of the received signal from the far- 
end, caused by the line, is equalized by a second 
adaptive digital filter configured as a Decision 
Feedback Equalizer (DFE), that restores a flat 
channel response with maximum received eye 
opening over a wide spread of cable attenuation 
characteristics. 


A timing recovery circuit based on a DPLL (Digital 
Phase-Locked Loop) recovers a very low-jitter 
clock for optimum sampling, of the received sym- 
bols. The 15.36MHz crystal oscillator (or the logic 
level clock input) provides the reference clock for 
the DPLL. In NT configuration, SCLK output pro- 
vides a very low jitterized 15.36MHz clock syn- 
chronized from the line. 

Received data is then detected and flywheel syn- 
chronization circuit searches for and locks onto 
the frame and superframe syncwords. ST5410 is 
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Table 2: 2B1Q Encoding of 2B+ D Fields. 


Time > 


ee ee 


Cae. ta). a el 


# Bits 
# Quats 


Where: 
bi1 = first bit of B; octet as received at the S/T interface 


big = last bit of B, octet as received at the S/T interface 

bai = first bit of Bz octet as received at the S/T interface 

bzs = last bit of Be octet as received at the S/T interface 

d; d2 = consecutive D-channel bits (d; is first bit of pair as received at the S/T interface) 
qi = ith quat relative to start of given 18-bit 2B+D data field. 

NOTE. There are 12 2B+D 18-bit fields per 1.5 msec basic frame. 


Table 3: Network-to-NT 2B1Q Superframe Technique and Overhead Bit Assignments. 


| Positions | 1-9 _| 10-117 
Bit } Bit Positions — jee | 19-234 | 234 | 19-284 | 235 | 2 240 


= Bessa 

ig oe 
Sync 2B+D 
<1 


ARSE. 
tea 
[oa | 


e0c6 
a ee 
a ae 
ae es 


e0Cas 
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NT-to-Network superframe delay offset from Network-to-NT superframe by 60 + 2 quats (about 0.75 
ms). All bits than the Sync Word are scrambled. 


Symbols & Abbreviations: 


"1" reserve = reserved bit for future standard; set = 1 act activation bit 


eoc embedded operations channel crc. —_—- cyclic redundancy check: covers 2B+D & M4 
a = address bit 1 = most significant bit 
dm = data/message indicator 2 = next most significant bit 
i = information (data/message) etc 
SW _ synchronization word febe far end block error bit (Set = 0 for errored 
superframe) 
ISW__ inverted synchronization word dea_ deactivation bit (set = 0 to announce deactivation) 
Ss sign bit (first) in quat uoa_ u only activation bit (set = 1 to activate S/T) 
m magnitude bit (second) in quat aib _ alarm indication bit (set = 0 to indicate interruption) 
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Table 4: NT-to-Network 2B1Q Superframe Technique and Overhead Bit Assignments. 


Tareas [ta Ci Overhead Bits (M1-Ms) 
r BitPosiions | 118 | 19234 | 295 | 296 _ 


me Basic 
Frame Frame 
pea eases ae Teel nc ye ee 


| 2B+D | | 20ces_| 


oe ia oes ee Feocr | e0ae eee ee 

eocs | eoce | eocs | pse | crer | cro _| 
pW BHD | coca | eocer | e0ces | cso | crs | orcs 

| 6 SW BsD | 00m | coon | eoce | 1 | cror | cro 

| 7 SW 2B+D | eocgs | eocu | eocs | sai_| crs | crow 

| kT SW B+D | coc | coor | eoce | 1 | cro | crow 
a aE A, PS SS eee | ee ee 


NT-to-Network superframe delay offset from Network-to-NT superframe by 60 + 2 quats (about 0.75 ms). 
All bits than the Sync Word are scrambled. 


Symbols & Abbreviations: 


i 
"{" reserve = reserved bit for future standard; set = 1 ps1, power status bits (set = 0 to indicate power 


ps2 problems) 
eoc embedded operations channel ntm NT in Test Mode bit (set = 0 to indicate test mode 


a = address bit 
dm = data/message indicator 
i = information (data/message) 


SW ~— synchronization word cso cold-start-only bit (set = 1 to indicate cold-start-only 


ISW inverted synchronization word crc. cyclic redundancy check: covers 2B+D & M4 
1 = most significant bit 
2 = next most significant bit 


etc ; 

Ss sign bit (first) in quat febe far end block error bit (Set = 0 for errored 
superframe) 

m magnitude bit (second) in quat sai S/T interface activation indication bit. 


act activation bit 


Figure 6: Example of 2B1Q Quaternary Symbols. 


guaTs -4[+3]+4 ol +4/43 a +4 fe +3)43 = 


BITS 61/18)11)88/68)11)169/881/81/81/11181)/88)18/18/81)14 


N89ST5S418-87 
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Figure 7: Superframe I/O pin SFS 


| 42ms 


SFSx AS OUTPUT {LT) | | | 
OR [t*) 312.5us 
SFSx AS INPUT {LT} i | 


Is 


vo osu su osu suo su su su sw 

LINE TRANSMIT FRAME t{LTI-> t 4% p y y y 
Ee 

“LINE RECEIVE FRAME tnT)-4 4 A 4 


SFSr OUTPUT {NT) | | | 


1s $ 
LINE TRANSMIT FRAME {NT) 


usu su sy gu su su su 4gmsu 
A, 4 Y Y 7, 7, % Y Y 
CEEEEEEEE 
«LINE RECEIUE FRAME {LT) Z Z 7, Z, Z Z; Z Z Z 
SFSx OUTPUT {NT) fo 
SFSr OUTPUT {LT) re [eee Gee 


MOISTS 492-38 
1¥) DEPENDING OF THE SFS BIT IN CR2 REGISTER 
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Figure 8: Normalized output pulse from 


—0.4T 0.4T 


Normalized ad eee 
Lavel: 


Tx] oof [| ooasv ] to0e0a v | ~oneesa v | =oces v- 
/B | 1.05 || 262sv | oa7sov | -0.8750Vv | ~2.625 V_ 
|¢ | 100 || 25v_ | sev | -s6ev_ | -2sv | 
D0 | 09s || 2375v_ | o791e7V | -0.79167 Vv | ~2.375V_ 
'E | 003 || o.o75v_| o.025v | ~0.025v | ~0.075 v_ 
/F | -0.01 || ~0.025 v | -0.00833 v | 0.00833 V_|_ 0.025 v_| 


'G | -o12{[ -o3v | -o1v | o1ve | o3v | 
-H | -0.05 || -0.125 v | -0.04167 V | 0.04167 V 


T = 12.5 us 


H = —0.05 
G = -0.12 


—0.5T 0.5T 
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frame-synchronized when’ two consecutive 
synchwords have been consecutively detected. 
Frame lock will be maintained until six consecu- 
tive errored sync-words are detected, which will 
cause the flywheel to attempt to re-synchronize. If 
a loss of frame sync condition persists for 480ms 
the device will cease searching, cease transmit- 
ting and go automatically into the RESET state, 
ready for a further cold start. When UID is frame- 
synchronized, it is superframe-locked upon the 
first superframe sync-word detection. No loss of 
superframe sync-word is provided. 


While the receiver is synchronized, data is de- 
scrambled using the specified polynomial, and in- 
dividual channels demultiplexed and passed to 
their respective processing circuits: user’s 2B+D 
channel data is transmitted to the Digital Interface 
through an elastic data buffer allowing any phase 
deviation with the line; the activation/deactivation 
bits (M4) are transmitted to the on-chip activation 
sequencer; CRC is transmitted to CRC checking 
section while maintenance data (eoc) and other 
spare bits in the overhead channels (M4, M5, M6) 
are stored in their respective Rx registers. 


In NT applications, if the Digital Interface is se- 
lected in master mode (see CR1) BCLK and FSa 
clock outputs are phase-locked to the recovered 
clock. If it is selected in Slave mode ie for NT1-2 
application, the on-chip elastic buffers allow 
BCLK and FSa to be input from an external 
source, which must be frequency locked to the re- 
ceived line signal ie using the SCLK output but 
with arbitrary phase. 


ELASTIC BUFFERS 


The UID buffers the 2B+D data in elastic fifos 
which are 3 line-frames deep in each direction. 
When the Digital Interface is a timing slave, these 
FIFOs compensate for relative jitter and wander 
between the Digital Interface and the line. Each 
buffer can absorb wander up to 18pus at 80 KHz 
max without "slip". This is particulary convenient 
for NT1-2 or PABX application in case the local 
reference clock is jitterized and wandered relative 
to the incoming signal from the line. 


MAINTENANCE FUNCTIONS 


M channel 

In each frame there are 6 "overhead" bits assigned 
to various control and maintenance functions. 
Some programmable processing of these bits is 
provided on chip while interaction with an external 
controller provides the flexibility to take full advan- 
tage of the maintenance channels. See OPR, 
TXM4, TXM56, TXEOC, RXM4, RXM56, RXEOC 
registers description fo details. New data written to 
any of the Overhead bit Transmit Registers is 
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resynchronized internally to the next available 
complete superframe or half superframe, as ap- 
propriate. 


Embedded Operation Channel (EOC) 

The EOC channel consists of two complete 12 
bits messages per superframe, distributed 
through the M1, M2 and M3 bits of each frame. 
Each message is composed of 3 fields; a 3 bit ad- 
dress identifying the message destination/origin, 
a 1 bit indicator for the data mode i.e. encoded 
message or raw data, and an 8 bits information 
field. The Control Interface (Microwire or Monitor 
channel in GCI) provides access to the complete 
12 bits of every message in TX and RX EOC reg- 
isters. 


When non-auto mode is selected, UID does not in- 
terpret the received eoc messages e.g. "Send cor- 
rupted CRC"; therefore the appropriate command 
instruction must be written to the device e.g. "set to 
one bit CTC in register CR4". It is possible to select 
a transparent transmission mode in which the EOC 
channel can be considered as a transparent 2 kbit/s 
channel. See OPR register description for details. 


When auto-mode is selected in GCI configuration, 
UID performs automatic recognition/acknow- 
legment of the EOC messages sent by the network 
according to processing defined in ANSI standard 
and illustrated in figure 9. When UID recognizes a 
message with the appropriate address and a 
known command, it performs automatically the 
relevant action inside the device and send a mes- 
sage at the digital interface as appropriate. Table 5 
gives the list of recognized eoc messages and as- 
sociated actions. 


When NT-RR-AUTO configuration is selected, 
eoc addressing is processed according to appen- 
dix E of T1E1.601 standard: 


— If address of the eoc message received from 
LT is in the range of 2 to 6, UID decrements 
address and pass the message onto GCI. 


— If address of the eoc message received from 
GCI is in the range of 1 to 5, UID increments 
address and pass the message onto the line 
toward LT. 


— If data/msg indicator is set to 0, UID pass 
data on transparently with eoc address as de- 
scribed above. 


M4 channel 

M4 bit positions of every frame is a channel in 
which are transmitted data bits loaded from the 
TXM4 transmit register and from the on-chip acti- 
vation sequencer once the superframe. On the re- 
ceive side, M4 bits from one complete superframe 
are first validated and then stored in the RXM4 
Receive Register or transmitted to on-chip activa- 
tion sequencer. See OPR, TXM4 and RXM4 reg- 
isters description for details. 
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When NT1-AUTO or NT-RR-AUTO mode is se- 
lected, bits ps1 and ps2 in M4 channel are con- 
trolled directly by biasing input pins ES1 and ES2 
respectively. e.g. ps1 is sent continuously to the 
line equal 0 when ES1 input is forced at 0 Volt. 


Spare M5 and M6 bits 

The spare bit positions in the M5 and M6 field 
form a channel in which are transmitted data bits 
loaded from the TXM56 transmit register. On the 
receive side, the spare bits in the M5 and M6 
field are first validated and then stored in the 
RXM56 receive register. See OPR, TXM56 and 
RXM56 registers description for details. 


CRC calculation/checking 

In transmit direction, an on-chip CRC calculation 
circuit automatically generates a checksum of the 
2B+D+M4 bits using the specified 12th order 
polynomial. Once per superframe, the CRC is 
transmitted in the M5 and M6 bit positions. In re- 
ceive direction, a checksum is again calculated 
on the same bits as they are received and, at the 
end of the superframe compared with the re- 
ceived CRC. The result of this comparison gener- 
ates a "Far End Block Error" bit (febe) which is 
transmitted back towards the other end of the 
Line in the next but one superframe and an indi- 
cation of Near End Block Error is sent to the sys- 
tem by means of Register RXM56. If there is no er- 
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ror in superframe, febe is set = 1, and if there is 
One or more errors, febe is set = 0. 


UID also includes two 8 bits Block Error Counters 
associated with the febe bits transmitted and re- 
ceived. It is then possible to select one Error 
Counter per direction or to select only one counter 
for both by means of bit 2CE in OPR register. Block 
error counting is always enabled but it is possible to 
disabled the threshold interrupt and/or to en- 
able/disable the interrupt issued at each received or 
transmitted block error detection. See OPR register 
for details. 


Loopbacks 

Six transparent or non transparent channel loop- 
backs are provided by UID. It is therefore possible to 
operate any loopback on B1, B2 and D channels line 
to line or DSI/GCI to DSI/GCI. Command are 
grouped in CR8 register. 


In addition to the channel loopbacks in LT modes, 
a complete transparent loopback operated at the 
transmission side of UID allows the device to acti- 
vate through an appropriate sequence with the 
complete data stream looped-back to the re- 
ceiver. Therefore, most of analog/digital clock and 
data recovery circuits are tested. After activation 
completed, an Al status indication is reported. 
Complete loopback is enabled with ARL command 
in TXACT register. 
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Figure 9: EOC message processing mode. 


MESSAGE ADDRESSED TO NTi: 
aa AUTO LT-RR [a NT-RR AUTO 


eee action no a 


868-NSGX @88-MSGCX 
@88-NSGX(%) @BG-MSGX{ xs) @B@-MSGXI2) 


MESSAGE ADDRESSED TO REPETER: 


no chenge local action 
111-HOLD STATE 
11) 681 -NSG 


@B1-NSGRI 8) Q81-NSGRIF) 


MESSAGE WITH DIFFUSION ADDRESS: 


[on | = | [| 


local action local action 
144-MSGX(2) 4141-MSCX 


141-MSGX or 111-MSGX or 111-MSGX or 
8B6-UTC 888-UTC Be8-UTC 


MESSAGE WITH WRONG ADDRESS: 


[om | [ oe | [on | 


no change no change 


{Y¥-1)-MSGX 
(Y#8.1.7) 
B@B-HOLO STATE @BG-HOLD STATE @4B-HOLD STATE 


HOLD STATE MESSAGE WITH DIFFUSION ADDRESS: 


no change no change 


= 144-HOLD STATE 7] a 7] 111-HOLD STATE 


DATA/MESSAGE BIT EQUAL ZERO: 


a [ o- | [| 


no change no chenge 


(Y-DATA Xx) Y-DATA & 
tY-8. 7) 


@88-UNABLE TO @B8B-UNABLE TO @QB-UNAGBLE TO 
COMPLY COMPLY COMPLY 


M9ISTS418-358 


(Se.] VALIDATION OF A RECEIVED EDC MESSAGE {3 TIMES RECEIVED IDENTICAL) 
I#):1F UNRECOGNIZED MESSAGE, UNABLE TO COMPLY IS SENT BACK INSTEAD OF MSGx 
[___] ImmeDIATE TRANSFER WITH NO EOC MESSAGE VALIDATION 
(41: 414-HOLO STATE 18 SET ON GCI BY THE NT-RR AUTO DEVICE AS SOON 
AS THE FIRST EOC FRAME WITH ADDRESS t@@1) IS RECEIVED ON THE LINE 


{2}; 111-MS6x IS SET ON GCI BY THE NT-RR AUTO DEVICE AS SDON AS THE FIRST 
EOC FRAME WITH ADDRESS (111) IS RECEIVED ON THE LINE 


[><] TRANSPARENT TRANSFER UITH NO CHECK 


UALIDATION OF A RECEIVED EOC MESSAGE {3 TIMES RECEIVED IDENTICAL! 


Lj ScS:THOMSON sds 
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Figure 10: CRC Errors Processing (auto-mode) 
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Table 5: EOC message processing: local actions. 


NT1-AUTO: (eoc address 000 or 111) 


NT-RR-AUTO: (eoc address 001 or 111 


Notify of Corrupted CRC 


IDENTIFICATION CODE (GCI) 


In GCI configuration, a read-only register IDR 
contains a reference code agreed by the GCl 
standard and refering to SGS-THOMSON 
STLC5411 device. 


STLC5411 device reference code is 08 H. This 
code is sent on Monitor channel of GCI interface 
upon read-back request. 


GENERAL PURPOSE I/Os (GCI) 


When GCI non-auto mode is selected, (NT or LT), 
four programmable I/Os (101, 102, 103, 104) are 
provided and associated with CR5 register. Each 
I/O is internally pulled-up with a 50kQ resistor. In- 


Operate 2B+D loopback 0101 0000 Send ARL code on C/I channel to operate Loopback 2 in SID-GCI. 
Forces EC output low 

Operate B1channel Loopback 0101 0001 Performs transparent loopback on B1 channel identical to LB1 
command in CR3 

Operate B2 channel Loopback 0101 0010 Performs transparent loopback on B2 channel identical to LB2 
command in CR3 

Request Corrupted CRC 0101 0011 Performs corruption of the transmit CRC identical to CTC 
command in CR4. 


Sent by UID to indicate that the message is not in its menu 


Operate 2B+D loopback 0101 0000 Send ARL code on C/I channel to operate Loopback 1A in UID 
configured in LT-RR-AUTO. Forces EC output low. 

Operate B1channel Loopback 0101 0001 Performs transparent loopback on B1 channel identical to LB1 
command in CR3 

Operate B2 channel Loopback 0101 0010 Performs transparent loopback on B2 channel identical to LB2 
command in CR3 

Request Corrupted CRC 0101 0011 Performs corruption of the transmit CRC identical to CTC 
command in CR4. 


Sent by UID to indicate that the message is not in its menu 
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put or output can be selected for each pin inde- 
pendently from the others by means of bits IO1, 
lO2, 103, 104 in CR5. D1, D2, D3, D4 bits give 
the logical value of the I/O pins respectively. 
When a status change occurs on one of the input 
pins, CR5 is sent on the monitor channel of the 
GCI interface. 


When GCI auto-mode is selected, two inputs 
(ES1, ES2) and one output (EC) are provided in 
NT1-AUTO and NT-RRAUTO configurations only. 
ES1 and ES2 inputs drive the logical values of 
ps1 and ps2 bits in the M4 channel on the line 
while EC ouput normally high is driven low using 
the eoc message "operate 2B+D loopback. This 
intends to provide power supply testing command 
occuring simultaneously with the loopback com- 
mand. 
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TEST FUNCTIONS 


Various test functions are provided for transmitted 
pulse waveform checking, power spectral density 
measurement and transmitter linearity. 

Three commands in TXACT register are provided. 
The associated test function is enabled as long as 
the command is not disabled by any other com- 
mand. 

SP1: (0010) Send Single Pulses+1, -1: 

+1, -1, pulses are transmitted consecutively onto 
the line, one pulse per frame. 

SP3: (1011) Send Single Pulses+3, -3: 

+3, -3, pulses are transmitted consecutively onto 
the line, one pulse per frame. 


RDT: (0011) Random Data Transmitted: 


Random data can be transmitted onto the line 
continously. B1, B2 and D channel transparency 
between the digital interface and the line is en- 
abled. 

When auto-mode is selected, two test inputs 
(TEST1, TEST2) are provided allowing the same 
test functions as described above but without the 
need of a microcontroller. See Table 6 for Test 
pins biasing. 


Table 6: Test Pins 


TEST1 TEST2 FUNCTIONS 
= ae Send Single Pulse + 1 
eae ee | 


1 andom Data Transmitted 


eal 
| 0 =| 0 [Send Single Pulse 


TURNING ON AND OFF THE DEVICE 


STLC5411 contains an automatic sequencer for 
the complete control of the start-up activation se- 
quences. Interactions with an external control unit 
requires only Activate Request and Deactivate 
Request commands, with the option of inserting 
break-points in the sequence for additional exter- 
nal control allowing for instance easy building of a 
repetor application. Automatic control of act, 
uoa/sai and dea bits in the M4 bit positions is pro- 
vided, along with the specified 40 ms, 480 ms and 
15 s timers used during the sequencing. 


Except the Power up and Power down control 
that is slightly different, the Activation/Deactiva- 
tion procedures are identical in GCI and Mi- 
crowire/DSI modes. Same command codes or in- 
dication codes are used. In Microwire and GCI 
mode, activation control is done by writing in the 
Activation Control Register TXACT and by read- 
ing the Activation Indication Register RXACT. For 
TXACT and RXACT access, MICROWIRE port is 
used in MICROWIRE mode and C/I channel (or 
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MONITOR channel depending of CID bit in CR2 
register) is used in GCI mode. 

In MICROWIRE mode, a primitive indication gen- 
erates first an interrupt requesting an action from 
the Microprocessor, in GCI mode the primitive In- 
dication is directly transmitted via C/I (or MONI- 
TOR channel). 


Power on initialization 


Following the initial application of power, 
STLC5411 enters the power down deactivated 
state in MICROWIRE mode or in GCI mode de- 
pending on the polarization of the MW input. 

All the internal circuits including the master oscil- 
lator are inactive and in a low power state except 
for the 10 kHz Tone signal detector. The line out- 
puts LO+/LO- are low impedance and all digital 
outputs are high impedance. All programmable 
registers and the activation controller are reset to 
their default value. 


GCI configuration is defined by means of the con- 
figuration pins MO, CONF1 and CONF2 when 
Power supply is turned on. 

For LT and NT1-2 equipments, GCI configuration 
should be completed by means of Control Regis- 
ter Programming. See Table 1 for configuration 
pins bias. 


Line activation request 


When UID is in the power down state and a 
10kHz tone TN or TL is detected from the line. 
LSD and INT (MICROWIRE/DSI only) open drain 
outputs are forced to zero. 


In NT configuration , code LSD (0000) is loaded 
in the activation indication register RXACT. 


In LT configuration, code AP (1000) is loaded in 
the activation indication register RXACT. 


In Microwire/DSI these indications are sent onto 
CO at the following access even if the UID is still 
in power down mode. 


In GCI these indications are sent onto the C/l 
channel as soon as GCI clocks are available. 


LSD open drain output is set back in the high im- 
pedance state as soon as the UID is powered up. 


INT open drain output is set back in the high im- 
pedance state when CS input is detected at zero. 


Depending of the ACTAUT and PUPAUT bits in 
CR6 register, UID can powered up itself, also 
automatically to start the activation. 

For all auto mode configurations, on 10KHz tone 
reception, power up and activation procedure are 
full automatic, but in NT1 auto, UID waits the uoa 
bit from the line before to provide (or not) the 
cloks and primitives to the S device. 


Power up control 
Microwire/DSI: control instruction PUP in ACT 
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register is required to power up the UID. 


GCI: when GCI "NT master of the clocks"configura- 
tion is selected, UID provides the GCI clocks 
needed for contro! channel transfer; PUP control in- 
struction is provided to the UID by pulling low the 
Bx data input; STLC5411 then reacts sending GCI 
clocks. It is possible to operate an automatic power 
up of the UID when a wake up tone is detected 
from the line by connecting the LSD output directly 
to the Bx input. 


GCI: when NT1-2 or LT configuration is selected 
(MO = 0), the UID is powered up after configura- 
tion setting by the PUP code (0000) on C/I Chan- 
nel. 


Power down control 


A control instruction PDN in ACT register is re- 
quired to power down the device after a period of 
activity. PDN forces directly the device to the low 
power state without sequencing through any of 
the de-activation states. It should therefore only 
be used after the UID has been put in the line de- 
activated state. PDN has no influence on the con- 
tent of the internal registers, but immediately 
stops the output clocks when UID is in master 
mode and in whW/DSI mode. 


In GCI mode, UID send first two times code 
DI(11171) on C/I channel before powering down at 
the end of the assigned GCI channel. 


The DI code purpose is similar to PDN code but 
power down state is entered only when the line is 
entirely deactivated (state H1 or J1). The DI com- 
mand is recommended in GCI mode and in 
uW/DSI mode. 


Power up State 


Power up transition enables all analog and digital 
circuitry, starts the crystal oscillator and internal 
clocks. The LSD output is in the high impedance 
state even if a tone is detected from the line. As 
for PDN, PUP has no influence on the content of 
the internal registers 


Power down state 


Following a period of activity in the power up 
state, the power down state may be re-entered as 
described above. Configuration Registers remain in 
their current state. PDN and DI have no influence 
on the content of the internal registers: it is then 
possible, for instance, after a normal deactivation 
procedure followed by a power down command, to 
power up again the device in order to operate di- 
rectly a Warm Start procedure. 


ACTIVATION/DEACTIVATION SEQUENCING 


Activation/deactivation signals onto the line are in 
accordance with the activation/deactivation state 
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matrix given in Appendix A. 


CASE OF RESTRICTED ACTIVATION 


The standard specifies a mode where the U inter- 
face can be turned on without the need to activate 
the S/T interface provided this function is supported 
at both ends of the loop. In this condition Mainte- 
nance channel is available, typically for setting 
loop-backs in the NT for error rate testing and other 
diagnostics. 


When this mode is enabled, bit M47 on the line in 
LT to NT direction becomes the uoa bit. Setting 
UAR activation command in the LT chip will set 
uoa bit equal zero on the line. Detection of uoa bit 
equal zero by the NT will inhibit activation of the 
S/T interface. This results in SN3 signal in the NT 
to LT direction, which causes generation of UAI 
indication by the LT U device when superframe 
synchronized. 


If during restricted activation operation, a TE 
starts to try activate the S/T interface by sending 
info 1, the NT can pass this request to the LT via 
M47 bit, the sai bit. This bit is set equal one by 
writing AR command to the Activation Control 
Register. sai bit received equal one causes gen- 
eration of an AP indication by the LT U device. 


RESET OF ACTIVATION/DEACTIVATION STATE 
MACHINE 


When the device is either powered-up or down, a 
control instruction RES resets the activation con- 
troller ready for a cold start. That feature can be 
used if the far-end equipment fails to warm start, 
for example if the line card or NT has been re- 
placed or if in a regenerator, the loss of synchro- 
nisation of the second section imply the reset of 
the first section for a further cold start. The con- 
figuration registers remain in their selected value. 


HARDWARE RESET 


When GCI configuration is selected, pin 26 acts 
as a logical hardware Reset. The device is en- 
tirely reset including activation/deactivation state 
machine and configuration registers. Configura- 
tion pins bias excluding MW define the eventual 
new configuration. Pin MW must be maintained at 
the 0 Volt for GCI configuration setting. 


It is possible to operate a similar "complete reset" 
of UID by setting high bit RST in the RXOH com- 
mand register. In this last case the Control inter- 
face remains enabled. 


QUIET MODE 


It is possible to force the device in a quiet mode in 
which UID does not react to any line wake-up 
tone; LSD pin will remain high. There are two 
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ways to enter quiet mode: QM bit in CR6 register 


and QM primitive command to write in TXACT. 


register; in this last case, any further primitive will 
clear quiet mode. 


AUTOMODE 


For all auto mode configurations, AIS pin allows a 
choice of line interface: 27 or 15mh for the trans- 
former and resistors line or device side. 


In NT1, the activation/deactivation state machine 
and the automatic power-up / power-down capa- 
bilities of the UID provide for a direct connection 
through GCI between UID and SID-GCI (ST 
5421) without the need of an extra microcontroller 
(see figure 13b). LSD- pin of SID-GCI must be con- 
nected together to the Bx input pin of UID to ensure 
autonomous power-up/down control. Activation/De- 
activation commands and indications are trans- 
ferred from one device to the other by means of the 
C/l channel. Maintenance functions are automat- 
ically processed in UID. Therefore, there is not 
transfer of messages on the Monitor channel be- 
tween UID and SID-GCl. Please note that the 
2B+D loop-back request at the S interface is pro- 
vided using the C/I channel code ARL and that 
there is not automatic processing of S and Q mes- 
sages in SID-GCI. 


In Repetor, the same advantages provide for a di- 
rect connection through GCI between both UID 
without the need of an extra microcontroller (see 
figure 13c). As for NT1, C/I channel transfers acti- 
vation/deactivation commands and _ indications. 
Maintenance functions are automatically proc- 
essed in UIDs, needing the transfer of eoc mes- 
sages, overhead bits and CRC fault detections. 
This is performed autonomously on the Monitor 
channel by sending when required messages in a 
regular format as already described.EOC mes- 
sages are transmitted according to Table 5; over- 
head bits in the M4 channel excluding (act, dea, 
uoa and sai) transferred transparently; spare 
overhead bits in M5 or M6 bit positions are also 
transferred transparently; febe and nebe bits are 
transmitted according to Figure10. 


COMMAND INDICATION (C/I) CODES 


Activation, deactivation and some special test 
functions can be initiated by the system by writ- 
ing in TXACT register. Any status change of the 
on-chip state machine is indicated to the system 
by the UID by setting a new code in the RXACT 
register. When GCI is selected, TXACT and 
RXACT registers are normally associated with the 
C/| channel (it is possible to associate them with 
the MONITOR channel thank to the CID bit in 
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CR2 register). All commands and indications are 
coded on four bits: C1, C2, C3, C4. Codes are 
listed in Table 7. For each mode, a list of recog- 
nized commands and generated indications is 
given. Hereafter, you have a detailed description 
of the codes depending on mode selected. 


NT mode: Command 


0000 (PUP): Power Up 

When in the power down state, PUP command 
powers up the device ready for a cold or a warm 
start. When GCI is selected with clocks as out- 
puts, PUP command is replaced by pulling low Bx 
input pin. 

0001 (RES): Reset 

RES command resets UID ready for a cold start. 
Configuration registers are not changed. RES can 
be ae when the device is either powered up 
or down. 


lf RES command is applied when the line is not 
fully deactivated, UID properly ends the activation 
before to come back in H1 state; In this case DP 
or EIU indication is returned (Auto mode configu- 
ration or not respectively). 


0010 (SP1): Send Single Pulse +1 and -1 
SP1 test command forces UID to send +1, -1, 
pulses to the line, one pulse per frame. 


0017 (RDT): Random Data Transmitted 
RDT test command forces UID to send data with 
random equiprobable levels at 80 kbaud. 


0100 (EIS): Error Indicate S Interface 
EIS command reports on the U line, a default on 
the S interface. 


0101 (PDN): Power Down 

PDN command forces UID to power down state. It 
should normally be used after UID has been set 
in a Known deactivated state, e.g. inan NT aftera 
DI status indication has been reported. In GCI, C/I 
indication (DI) is sent twice on Br output before 
UID powers down. 


0110 (UAI): U interface Activation Indicate 
UAI command is significant only when RR bit is 
set equal one in CR2 register or if NT-RR-AUTO 
auto-mode is selected. After the receiver has 
been super-frame synchronized, UAl command 
allows UID to send SN3 signal to the line. 


0111 (QM): Quiet Mode 

In this mode, UID does not react to any line status 
change. UID can be powered up or down and 
ready for a cold start or a warm start. All configu- 
ration registers and .coefficients remain § un- 
changed. Quiet Mode is disabled by any other 
command. 

Note: Inside UID, an logical or is implemented 
with this QM primitive and the QM bit in CR6 reg- 
ister. 


1000 (AR): Activation Request 
Beeing in the Power Up and deactivated state 
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Table 7a: RXACT (indication) and TXACT (command) codes 


CODES NT LT 
GCI or MW, NON AUTO-MODE GCI or MW, NON AUTO-MODE 
RXACT TXACT RXACT TXACT 
= ee indications (commands) 


0 DP/LSD PUP (1) PUP/DR 

RES RES 

SP1 SP1 
RDT 


FAO 
PDN 


AmMmoDoUoOTWPFODAOAN DOAK WHND + CO 
=a st ot oo tC CC lOO OOO OO OO OO OO OO OO 
= st tot OO OOO CO COO llr |tlC St lC tC Ht —C OF COClOF 
-=--o0o0o-;+o00++4+002+00 
-“-Oo-o-o0o0Oo--70o-70o4840+0-+0 


Note: 
(1) ONLY IN SLAVE MODE IN MASTER. MODE, SET BxXpin TO ‘0‘ TO HAVE THE SAME EFFECT THAN PUP. 


NTRR LTRR 


ro Seen GCI or MW, NON AUTO-MODE GCI or MW, NON AUTO-MODE 
RXACT TXACT RXACT TXACT 


0 0 O DP/LSD - PUP/DR 
RES 
SP1 
RDT 


FAO 


0 
1 

2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 


ae es etl ett th CO CUCUCOlCUCUCOMlUCOOWCOOUCOUNlCWD 
- O- OoOf-' ao - O-=- Oo -|' ODO + O + CO 


= = §s+& i OO O02 —-—- = =| OOO 
=“"=Oo0o-; + 002-8 00++40 


7 


(1) ONLY IN SLAVE MODE. 
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Table 7b: RXACT (indication) and TXACT (command) codes. 


NT1 


RXACT TXACT 


0 DP/LSD 


a a a oe a a. io io iol ol o—lo iia) 
|“=-"- 4-4 -oQ00 0; 42 4s= 4s OO°” 
=-=-3- oOo--+-0Q0=-- 00-23-00 
=-=O-oO0O-070 2020-20-40 


ae NTRR LTRR 
GCI ONLY, AUTO-MODE) GCI ONLY, AUTO-MODE 
RXACT TXACT RXACT TXACT 
Slee ee (indications) (indications) (commands) 


0 000 0 DP/LSD (1) PUP/DR 
1 000 1 
2 001 0 
3 0011 
4 0 1 0 0 
5 0101 
6 011 0 
7 G4 -t-4 
8 1 0 0 0 
9 1 00 1 
A 1 0 1 0 
B oe ae 
C 1 1 0 0 
D 40 is. 30° 4 
E f a + 
F i a 


(1) SET Bx PIN TO ‘o' IS EQUIVALENT TO A PUP COMMANDE 
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(Hi), AR instruction forces UID through the ap- 
propriate sequence to activate the line by sending 
TN followed by SN1. Beeing in the U-only-active 
state (H8A), AR command forces the sai bit equal 
1 to the line. Is intended to transfer to the network 
an activation attempt at the S/T interface. 


1011 (SP3): Send Single Pulse +3 and -3 
SP3 test command forces UID to send +3, -3 
pulses to the line, one pulse per frame. 


1100 (Al): Activation Indicate 

Al command forces act bit equal one in SN3 sig- 
nal transmitted to the line. Is intended to reflect an 
activate state at the S/T interface. 


1110 (AIL): Activation Indicate Loopback 
Identical to Al command. Ensure direct compati- 
bility with status indications of SID-GCI. 


1111 (DI): Deactivation Indicate 

The DI command allows the UID to automatically 
enter the power down state if the line is deacti- 
vated. DI command has no effect as long as the 
line is not deactivated (DI status indication re- 
ported). 


NT mode: Status indication 


0000 (DP/LSD): Deactivation pending / Line sig- 
nal detected 

When in the deactivated state (H1) either pow- 
ered up or down, LSD status indication is re- 
ported if TN wake-up tone is detected except if 
NT1 AUTO is selected; in this configuration, UID 
must check uoa bit before to send (or not) LSD. 
When in the superframe-synchronized states, DP 
status indication reports that the dea bit has been 
received equal zero from the line. UID enters in 
the receive reset state. When NT1-AUTO mode is 
selected, DP status indication is reported also 
when a transmission error has been detected on 
the loop. This is intended to ensure immediate 
deactivation of the S/T interface. 


0001 (EIU): Error Indication User 

EIU status indication is reported to acknowledge 
RES command. UID is deactivated, ready for a 
cold start. When NT1-AUTO is selected, EIU is 
replaced by DP. 


0010 (EIL): Error Indication Loss of signal 

EIL status indication reports a Loss of signal for 
more than 480ms on the line. When NT1-AUTO is 
selected, EIL is replaced by (DP). 


0011 (EIS): Error Indication Loss of Sync 

EIS status indication reports a Loss of synchroni- 
zation for more than 480ms on the line. When 
NT1-AUTO is selected, EIS is replaced by (DP). 
When NT-RR-AUTO is selected, EIS is replaced 
by RES. 


0100 (El): Error Indication 

El status indication reports that act bit has been 
detected equal zero. 

0101 (EIT): Error Indication Expiry of Timer 4 

EIT status indication reports that an expiry of 
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Timer 4 interrupt has reset UID ready for a cold 
start. When NT1-AUTO is selected, EIT is re- 
placed by (DP). When NT-RR-AUTO is selected, 
EIT is replaced by RES. 


0110 (UAP): U interface Activation pending 

Is significant only when RR bit in CR2 has been 
set equal one or if NT-RR-AUTO mode is se- 
lected. UAP reports that the receiver is super- 
frame synchronized with uoa bit received equal 
zero. 


1000 (AP): Activation Pending 
AP reports that the receiver is superframe syn- 
chronized with uoa bit received equal one . 


1010 (ARL): Activation Request Loopback 

Is significant only when NT1-AUTO or NT-RR- 
AUTO mode is selected. ARL reports that an eoc 
message has been received requiring to operate 
a local 2B+D loopback. When connected to SID- 
GCI in a NT1 or to UID in LT-RR-AUTO mode in 
a regenerator, 2B+D loopback command is there- 
fore automatically provided. 


1100 (Al): Activation Indication 
Al reports that UID is superframe synchronized 
with act and uoa bits received equal one. 


1111 (Dl): Deactivation Indication 
DI reports that UID has entered the deactivated 
state (H1). 


LT mode: Command 


0000 (PUP/DR): Power Up / Deactivation Re- 
quest When in the power down state, PUP com- 
mand powers up the device ready for a cold or a 
warm start. When in one of the superframe syn- 
chronized states, DR command forces dea bit on 
the line equal zero for four consecutive superfra- 
mes before ceasing transmission. 


0001 (RES): Reset 

RES command resets UID ready for a cold start. 
Configuration registers are not changed. RES can 
be operated when the device is either powered up 
or down. If RES command is applied when the 
line is not fully deactivated, UID returns EIU indi- 
cation and goes in J1 state (Receive Reset). 

If RES command is applied when the line is not 
fully deactivated, UID properly ends the activation 
before to come back in J1 state; in this case EIU 
indication is returned. 


0010 (SP1): Send Single Pulse +1 and-1 

SP1 test command forces UID to send +1, -1, 
pulses to the line, one pulse per frame. 

0011 (RDT): Random Data Transmitted 

RDT test command forces UID to send data with 
random equiprobable levels at 80 kbaud. 


0100 (FAQ): Force act bit to Zero 

FAO command forces the act bit to 0 in the SL3 
signal transmitted to the line. Is intended to reflect 
a transmission failure detected on the network 
side of the loop relative to UID. 
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0101 (PDN): Power Down 

PDN command forces UID to power down state. It 
should normally be used after UID has been set 
in a known deactivated state, e.g. in an LT aftera 
DI status indication has been reported. In GCI, C/I 
indication DI is sent twice on Br output before UID 
powers down. 


0110 (UAR): U-interface-only Activation Request 
Being Power Up and deactivated , UAR com- 
mand forces UID through the appropriate se- 
quence to activate the loop without activating the 
S/T interface. SL2/SL3 signal is sent with uoa bit 
set to zero. With the line already active, UAR 
command forces bit uoa equal zero: this is in- 
tended to deactivate the S/T interface. 


0111 (QM): Quiet Mode 
This command has the same effect as in NT 
mode. 


1000 (AR): Activation Request 

Being Power Up and deactivated, AR instruction 
forces UID through the appropriate sequence to 
activate the line by sending TL followed by SL1. 
SL2/SL3 signal is sent with uoa bit equal one. 
Beeing in the U-only-active states, AR command 
forces the uoa bit equal 1 to the line. Is intended 
to activate the S/T interface. 


1010 (ARL): Activation Request with Loopback 
ARL test command forces UID through the appro- 
priate sequence to activate with the complete 
transmit data stream looped-back to the receiver. 
When this loop-back is disabled by DR command, 
UID is ready to operate a warm start if anew ARL 
command is issued. 


1011 (SP3): Send Single Pulse +3, -3 
SP3 test command forces UID to send +3, -3 
pulses to the line, one pulse per frame. 


1100 (Al): Activation Indicate 

Al is an optional command recognized only when 
BP2 bit in CR2 register is set equal one or LT- 
RR-AUTO mode is selected. Beeing in the super- 
frame-synchronized state with act bit received 
from the line equal one, Al command allows UID 
to send act bit equal one to the line. 


1111 (Dl): Deactivation Indicate 

The DI command allows the UID to automatically 
enter the power down state if the line is deacti- 
vated. DI command has no effect as long as the 
line is not deactivated (DI status indication re- 
ported). 


LT mode: Status indication 

0001 (EIU): Error Indication Interface U 

EIU status indication reports an error at U inter- 
face. It can be a ‘loss at signal’ a ‘loss of 
sync’,‘expiry of Timer 4 lias reset UID for cold- 
start‘ and ‘UID put in receive reset state by RES 
command. 

0100 (EIS): Error indication 

EIS status indication reports that act bit has been 
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detected equal zero. 


0110 (UAI): U interface Activation Indication 
UAI reports that the line is superframe synchro- 
nized. 


1000 (AP): Activation Pending 

Being in one of the deactivated states, AP reports 
that a wake up tone has been detected from the 
line. Beeing in the U-only-activated state, AP re- 
ports that sai bit has been detected equal one 
from the line. Is intended to reflect an activation 
attempt at the S/T interface. 


1100 (Al): Activation Indication 
Al reports that UID is superframe synchronized 
with act bit received equal one. TE side of the 
loop relative to the UID is active 


1111 (Dl): Deactivation Indication DI reports that 
UID has entered the deactivated state (J1). 


B1, B2 and D channels transparency 

UID is able to control automatically transparency of 
B1, B2 and D channels. Nevertheless, when ETC 
bit in CR2 register is set equal 1, transparency is 
forced as soon as the line is synchronized. 

It is also possible to control each data channel B1, 
B2, D enabling at the DSI/GCI interface inde- 
pendently by means of bits EB1, EB2 and ED in 
CR4 register; Set equal 1, Bi, B2 or D channel on 
the DSI/GCI interface is enabled; In this case, out 
of the transparency state (s), ones are forced on 
thee relevant time slot of the DSI/GCI, and ones or 
zeros are transmitted on the line conforming T1E1 
recommendations. Set equal 0, relevant time slot 
on DSI/GCI is always in high impedance state and 
ones or zeros are transmitted on the line. In this last 
case, aS soon as transparency is enabled, ones are 
transmitted to the line. 


When RDT test command is applied, transpar- 
ency on 2B+D is forced. This intend to permit the 
user, if required, to send a random sequence of 
bits to the line. Please note that the on-chip 
scrambler normally ensures transmission of 
equiprobable levels to the line, even if logical one 
only is provided to the DSI/GCI system interface. 


INTERNAL REGISTERS DESCRIPTION. 


Here following a _ detailed description of 
STLC5411 internal registers. 


Internal registers can be accessed: 


a) In GCI mode, according to the monitor channel 
exchange rules. For RXACT and TXACT also 
through C/I channel. 


b) in pkW/DSI mode, using the MICROWIRE inter- 
face according to the rules described in section 
"uW control interface". 


Table 8 gives the list of all the STLC5411 internal 
registers can be used in MICROWIRE mode. 
Table 9 gives the list of all the STLC5411 internal 
registers can be used in GCI mode. 

Registers are grouped by types and address ar- 
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eas. 


area 00/0FH: 
area 10/1FH: 
area 20/2FH: 


area 30/3FH: 


area 40/4FH: 


area 5x to 9x: 
5x: 


6x: 

TX: 

8x & 9x: 
area Ax to Ex: 
area Fx: 


NOP operations. 
the test registers: reserved. 


the configuration registers. 
OPR CRi CR2 CR3 CR4 CR5 
CR6 

Read Write access. CR5 only 
usefull in GCI mode 


the B1 B2 D time slot registers. 
TXB1 TXB2 RXB1 RXB2 TXD 
RXD STATUS 

Read Write access except 
STATUS: Read only. 

Usefull only in MW mode 
except STATUS: MW & GCI 
modes. 


the transmit and receive 
registers (except EOC). 
TXM4 RXM4 TXM56 RXM56 
TXACT RXACT BEC1 BEC2 
ECT1 ECT2 RXOH 

Read Write access for the 
transmit registers: 

TXM4 TXM56 TXACT 
Read access only for the 
receive registers: 

RXM4 RXM56 RXACT 
Read Write access for the 
control registers: 

ECT1 ECT2 
Read access only for the error 
registers: 

BEC1 BEC2 
Write access only for the 
command registers: 

RXOH 


for 12 bits registers. 

to write TXEOC register, to read 
RXEOC register. 

to read TXEOC register. 
reserved 

to read IDR register. 

reserved. 

reserved except FF address: 
special register MWPS. 


Overhead bits programmable register (OPR) 


After reset: 1EH 


CIE Near-End CRC Interrupt Enable: 
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CIE=1: the RXM56 register is queued in the 
interrupt register stack with nebe bit 
set to zero each time the CRC result 
is not identical to the corresponding 
CRC received from the line. 


CIE=0: no interrupt is issued but the error 
detection remains active for instance 
for on chip error counting. 


EIE Error counting Interrupt Enable: 


EIE = 1: an interrupt is provided for the 
counter when the threshold (ETC1 or 
ETC2) is reached. 


EIE= 0: no interrupt is issued. It is feasible to 
read the counters even if no relevant 
interrupt has been provided. 


FIE FEBE Interrupt Enable: 


FIE=1: the RXM56 register is queued into 
the interrupt register stack each time 
the febe bit is received at zero ina 
-Superframe. 


FIE=0: nointerrupt is issued but the receive 
febe bit remains active for on chip 
error counting. 


OB1, OBO Overhead Bit processing: 


select how each spare overhead bit received from 
the line is validated and transmitted to the sys- 
tem. RXM4 and RXM56 registers are inde- 
pendently provided onto the system interface as 
for the eoc channel. Each spare overhead bit is 
validated independently from the others. 


OB1 OBO 


0 0) each super frame, an interrupt 
is generated for the RXM4 or 
the RXM56 register. Spare bits 
are transparently transmited to 


the system. 
0 1 an interrupt is set at each new 
spare overhead bit(s) received. 
1 0 an interrupt is set at each new 


spare overhead bit(s) received 
and confirmed once. ( two 
times identical). 


1 1 an interrupt is set at each new 
spare overhead bit(s) received 
and confirmed twice. (three 
times identical). 


lf new bits are received at the same time in M4 
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and M56, both registers RXM4 and RXM56 are 
queued in the interrupt register stack. 

Bits act, dea, uoa, sai are dedicated to the activa- 
tion procedure. Validation is always done in ac- 
cordance with the ANSI rule: validation at each 
new activation bit received and confirmed twice 
independently from the above rules. These bits 
are taken into account directly by the activation 
decoder. An interrupt is not generated for the 
RXM4 Register when one of these bits changes, 
but they are provided for test to the RXM4 Regis- 
ter. 


OC1, OCO eoc channel processing: 


select how a received eoc message is validated 
and transmitted to the system. 


OC1 OCO 

0 0 every half a super frame, an 
interrupt is generated for the 
RXEOC register. eoc channel 
is transparently transmitted to 
the system. 

0 1 an interrupt is set at each new 
eoc message received. 

1 0 an interrupt is set at each new 


received and 
(two times 


eoc message 
confirmed once. 
identical) 


an interrupt is set at each new 
eoc message received and 
confirmed twice. (three times 
identical). 


C2E Counter 2 enable: 


C2E = 0: Only counter BEC1 is used for both febe 
and nebe counting. 


C2E = 1: Counter BEC1 is used for nebe. 
Counter BEC2 is used for febe. 


Configuration register 1 (CR1) 
After reset: 

uW mode OOH 

GCI: MO = 0 (LT/NT12) = COH 
GCI: MO = 1 (NT/TE) = D2H 


| FF | FFO | Ck2 | Cki | Cko | DDM | CMs | BEX | 


FF1, FFO Frame Format Selection: (uW/DS! only) 
Refer to fig. 2 and 3. 


FF 1 FF2 
0 0 Format 1 
0 1 Format 2 
1 0 Format 3 
1 1 Format 4 


CKO0-CK2 Digital Interface Clock select: (mW/DS! 
42/69 


only) 
CKO-CkK2 bits select the BCLK output frequency 
when DSI clocks are outputs. 


CK2 CKi CKO BCLK frequency: 
0 0 0 256KHz 
0 0 1 512KHz 
0 1 0 1536KHz 
0 1 1 2048KHz 
1 0 0 2560KHz 


DDM Delayed Data Mode select:(uW/DSI only) 
Two different phase-relations may be established 
between the Frame Sync signals and the first bit 
of the frame on the Digital Interface: 


DDM = 0: Non delayed data mode The first bit 


of the frame begins nominally 
coincident with the rising edge of 
FSA/B. 


DDM = 1: delayed data mode: FSA/B input must 
be set high at least a half cycle of 
BCLK earlier the frame beginning. 


CMS Clocks Master Select:(uW/DSI only) 


CMS =0: BCLK, FSA and FSB are _ inputs; 
BCLK can have in Format 1, 2 and 3 
value between 256KHz to 4096KHz, 
value in Format 4: 512KHz to 
61 76KHz. 

BCLK, FSA and FSB are outputs; FSA 
is a 8 kHz clock pulse indicating the 
frame beginning, FSB is a 8 kHz clock 
pulse is indicating the second 8 bits 
wide time-slot. BCLK is a bit clock 
signal whose frequency bits CK2-CKO. 


BEX B channels Exchange: 


BEX=0: B1 and B2 Tx/Rx channels are 
associated with TXB1/RXB1_ and 
TXB2/RXB2 registers respectively. 


BEX = 1: Bi and B2 channels are exchanged. 


Configuration register 2 (CR2) 
After reset: 

uW mode OOH 

GCI: MO = 0 (LT/NT12) = OOH 
GCI: MO = 1 (NT/TE) = 80H 


CMS = 1: 


uW (LT,NT): 
SFS | NTS |;DMO; DEN | ETC | BP1 BP2 

EIF | BFH9D 
GCI (LT,NT): 


SFS | NTS |T24D| CID | ETC |} BP1 BP2 
EIF | BFH9D 


SFS Super Frame Synchronization Select: 
Significant in LT mode only. 
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SFS = 0: 


SFS = 1: 


SFSx is an input that synchronizes the 
transmit superframe. 


SFSx 
Transmit Superframe. In NT mode 
SFSx is always an output. 


is an output indicating the 


NTS LT / NT mode Select. 

NTS =0:LT mode selected 

NTS = 1: NT mode selected 

DMO D channel Transfer mode Select.(uW/DSI 


only) 


Significant only when DEN=1. 


DMO = 1: 


DMO = 0: 


D channel data is shifted in and out on 
Dx and Dr pins in continuous mode at 
16 kbit/s on the falling and rising 
edges of DCLK respectively. 


D channel data is shifted in and out on 
Dx and Dr pins in a TDM mode at the 
BCLK frequency on the falling and 
rising edges of BCLK respectively 
when the assigned time-slots are 
active. 


T24D: 24ms timer desable (GCI only). 


T24D = 1: 


T24D = 0: 


The timer watches at the exchange on 
MONITOR channel every time the UID 
sends new byte. If it expires before 
pre-acknoledgement, an abort 
message is generated; In this last 
case, the aborted message is lost. 


The timer is desable. This means for 
instance that UID may wait an pre- 
acknoledgement for ever. 


DEN D channel port Enable. (uW/DSI only) 


DEN = 0: 


DEN = 1: 


D channel port disabled. D bits are 
transferred on Br and Bx; Multiplexed 
mode is selected automatically. 

D channel port (DX, DR, and DCLK 
when DMO bit equal 1) is selected. D 
bits are transferred on Dr and Dx ina 
mode depending on DMO bit setting. 


CID: C/I channel desable (GCI only). 


CID = 0: 


CID = 1: 


TXACT and RXACT registers only 
accessible via the C/I channel. 

Others registers only accessible via 
MONITOR channel. 


All registers only accessible via the 
MONITOR channel. 


ETC 2B+D Data Extended Transparency channel. 


EG =: 


2B+D channel transparency is 
enabled as soon as the line is 
superframe synchronized. 
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ETC =0: 2B+D channel transparency is under 


control of the on-chip state machine: 
act bit equal one both directions. 


BP1 Break Point 1 during activation(significative 
only when NTS = 0: LT mode) . 


BP1 = 1: 


BP1=0: The 


During an activation attempt from the 
loop, (before SL2 sending) UID waits 
for an AR command to pursue 
activation. It is recommended to set 
BP1 equal 1 for repetor application. 


activation procedure is 
automatically processed without the 
need of an AR command. 


EIF Error Indication Filter. 
Significant in NT mode only 


EIF = 0: 


BlF =: 


act bit is set to zero in the transmit 
superframe in case of El command, 
even if El is sent sporadically. 


act bit may be not set to zero in the 
transmit superframe in case of El 
command with a duration of less than 
36ms. 


BP2 Break Point 2 during activation. Significant 
only when NTS=0 (LT selected) 


BP2 = 1: 


During a full activation procedure, UID 
receiving act bit set to one in the 
received SN3 signal, UID waits for an 
Al command to send act bit equal one 
in SL3 signal. It is recommended to set 
BP2 equal 1 for repetor application. 


BP2=0: The activation procedure described 


above is automatically processed 
without the need of an Al command. 


BFH9D: Back from H9 disabled. (Significant in NT 
mode only) 


BFHS9D = 


BFHSD =1: UID is 


0:UID is in H9_ state (pending 
deactivation) after reception of dea 
bit = 0. It is waiting a loss of signal to 
return in H1 state via H12. 


H9 state (pending 
deactivation) after reception of dea 
bit = 0. It is waiting a loss of signal to 
return in H1 state via H12, or dea bit 
= 1; In this last case UID returns in 
the previous state. 


RR Repetor mode. 


RR =0: 


f -THOMSO 
\/ | See Me TATes 


UID activation/deactivation complies 
with the standard requirements for NT1 
or LT equipment depending on NTS bit 
select. See state matrix for the detailed 
behaviour of UID. 
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RR=1: UID activation/deactivation complies 
with the requirements for repetor 
equipment. "LT" or "NT" behaviour is 
selected by means of bit NTS. BP1 
and BP2 break-points should be set 
equal one too. See state mairix for the 
detailed behaviour of UID in this mode 


of operation. 


Configuration register 3 (CR3) 
After reset: OOH 


LB1, LB2, LBD Line side Loopback select. 


When sei high they turn each individual B1, B2, 
or D channel from the Line receive input to the 
Line transmit output. They may be set separately 
or together. The loopback is operated close to Bx 
and Br (or Dx and Dr if the D port is selected). 
These loop backs ensures channels integrity. 


DB1, DB2, DBD Digital side Channel Loopback 
select. 

When set high they turn each individual B1, B2, 
or D channel from the Digital Interface receive in- 
put to the Digital Interface transmit output. They 
may be set separately or together. The loopback 
is operated close to Bx and Br (or Dx and Dr if D 
port selected). These loop backs ensures chan- 
nels integrity whatever the selected format or as- 
signed channels time slot. ; 


TLB Transparent Loopback select 


TLB = 0: Digital loopbacks are non transparent. 
When line side loopback is set, data 
transmitted onto the digital interface is 
forced to one. When digital side 
loopback is set, data transmitted onto 
the line is forced to 1 in NT mode and 
to 0 in LT mode. 


TLB=1: 2B+D_ is _ transparently 
through the UID. 


T15D Timer 15 second disabled 


T15D = 0: On-chip 15 second timer (timer 4 or 5 
of ANSI standard) is enabled and 
ensure full reset of the activation 
procedure in case. of non 
synchronization of the line within 15 
second. 


T15D = 1: On-chip 15 second timer is disabled. 


This means for instance that UID may 
attempt to synchronize for ever. 


transferred 
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Configuration register 4 (CR4) 
After reset: EOH 


EB1 B1 channel Enabling 


EB1 = 1: Selected B1 channel time-slot on the 
DSI/GCI interface is enabled. Note that 
transparency of B1 channel remains 
under control of the activation state 
machine andthe ETC bit in CR2. 


EB1 = 0: Selected Bi channel time-slot on the 
DSI/GCI interface is disabled: Br output 
remains in high impedance state and 
data on Bx input is ignored. Ones (NT) 
or zeroes (LT) are transmitted on the 
line. 


EB2 B2 channel Enabling Identical to EB1 bit but 
for B2 channel. 

ED D channel enabling identical to EB1 but for D 
channel on Bx/Br pin or DX/Dr pin depending on 
DEN bit in CR2 register. 


FFIT FIFOs interrupt. 


FFIT = 1: overflow or underflow of the TXFIFO 
and RXFIFO are reported in STATUS 
register. An interrupt is generated in 
MW mode, a MONITOR message is 
automatically sends in GCI mode. 


FFIT =0: No interrupt or message is generated 
when FIFOs overflow or underflow. 


ESFr Enable SFSr on pin25 


ESFr = 0:LSD open drain output is selected on 
pin 25. 


ESFr = 1:SFSr output is selected on pin 25. 


CTLIO Control IO (significant in GCI mode only) 


CTLIO = 1: The input pins configurated via CR5 
register generate a message on 
every change even if the UID is 
powered down in master mode; that 
is to say UID is able to wake up 
itself, to provide the clocks, to sends 
the message. After that UID is 
automatically powered down except 
if a PUP command is sent to it. 


CTLIO =0: In master mode and powered down, 
the UID does not react to a input pin 
change. 


MOB Mask Overhead Bits. 
MOB = 0: No Mask on overhead bit interrupts. 
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MOB = 1: All interrupts issued from RXM4, 
RXM56 RXEOC and CR5 = are 
masked. It is still possible to read 
these registers via RXOH. 


CTC Corrupted Transmit CRC Control 


CTC =0: Allows the normal calculation of the 
CRC for the transmitted data to the line. 


CTC = 1: The CRC result transmitted to the line 
in the next Superframe is inverted. 
This ensure transmission of corrupted 
CRC as long as CTC equal 1. 


Configuration Register 5 (CR5) 
Significant in GCI only. 


After reset: FFH 


104, 103, 102, 101 Input/Output select for I/O pins 
(14, 15, 16, 18) 


lOi= 1: lOi pin is selected as an input. An on- 
chip pull up resistor ensures a stable 
logical 1 at power-on reset or if !Oi pin 
is not connected to stable source. 


lOi= 0: lOi pin is selected as an output. 
Each I/O pin can be 
independently from the others. 


D4, D3, D2, D1 
mand/status. 


D4, D3, D2, D1 bits are associated with 104, 108, 
102, 101 pins respectively. When IOi pin is selected 
as an output, the associated Di bit can be written to 
control the logical level of the output; Di equals 1 
commands a high level on IOi. When IOi pin is se- 
lected as an input, the associated Di bit indicates 
the status of the input; Di equals one indicates a 
high level on IOi. CR5 register is buffered in the in- 
terrupt stack each time a status change is detected 
on an input. It is also possible to read-back at any 
time CR5. 


selected 


VO pin logical level com- 


Configuration register 6 (CR6) 
After reset: OFH 


T15E Timer 15 seconds extension 


T15E = 0: The on chip T4 or T6 timer is done for 
the ANSI standard: 15 seconds. 

Ti5E=1:The on chip T4 or TS5 timer is 
extended to 20 seconds. 


Note: the T15D bit in CR3 register enables or 
desables the T4/T5 timer independently of 
theT 15E bit. 
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ACTAUT: Activation Automatic 


ACTAUT = 1: If UID is powered up, a 10KHz 
tone from the line starts the 
activation without need of extra 
commands (like AR), except when 
QM (Quiet mode) is enterred. 

ACTAUT =0 A detection of a 10KHz tone from 
the line does not start the 
activation: UID waits a_ primitive 
command (normaly AR). 


PUPAUT PUP Automatic 


PUPAUT = 1: If UID is powered up, a 10KHz 
tone from the line allows an 
automatic power up of the UID. 

Notes if ACTAUT is set to 1, from a power down 


state a 10KHz tone automatically starts the acti- 
vation. 


PUPAUT = 0:A detection of a 10KHz tone from 
the line does not power up the 
device: UID waits a PUP primitive 
command. 


QM Quiet mode. 


QM = 1: has the same effect of the QM primitive 
command enterred in TXACT register. 
An or logic is done with the QM bit and 
the QM primitive. The goal of this bit is 
to allow a quiet mode for an UID in 
power down state in some applications. 


QM = 0: no effect. 


AIS Analog Interface Select. 


AIS = 1: selects an analog interface using 27mh 
transformer. 


AIS = 0: selects an analog interface using 15mh 
transformer 


TFBO Transmit febe equal 0 


TFBO =0: A permanent febe bit = 0 is sent on 
the line as long as TFBO =0 


TFBO =1: The febe bit sent on the line is 
normaly computed. 


RFS Remote febe select. 


Please report to the figure 10. RFS is usefull in 
report application to transfert or not the anomalies 
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-- second line section to the first line section and 
viceversa. 


RFS = 1: Transfert anomalies second section 
first section and viceversa allowed. 


RFS = 0: Transfert anomalies second section 
first section and viceversa not allowed. 
LFS Local febe select. 


Please report to the figure 10. LFS is usefull in re- 
port application to transfert or not the crc anoma- 
lies (nebe) of a line section to the febe bit of the 
same line section. 


RFS = 0: The computing febe takes in account 
the local nebe. 


RFS = 1: The computing febe does not take in 
account the local nebe. 


Configuration register TXB1 
Significant only when format 3 selected. 
(uW/DSI Only) 


After reset: OOH Time slot 0 selected. 


| - | - | p1xs | B1x4] B1x3 | B1X2 | B1X1 | B1X0 | 


B1X5-B1X0 Transmit B1 Time Slot Assignment 


Those bits define the binary number of the trans- 
mit B1 channel time-slot on Bx input. Time slot 
are numbered from 0 to 63. The register content 
is taken into account at each frame beginning. 


Configuration register RXB1 
Significant only when format 3 selected. 
(uW/DSI Only) 


After reset: 00h Time slot 0 selected. 


| - | - |p1R5|p2R4|B2R3|B2R2|/B2R1|B2RO 


B1R5-B1R0 Receive B1 Time Slot Assignment 


B1R5-B1R0 bits define the binary number of the 
receive B1 channel time-slot on BR output. Time 
slot are numbered from 0 to 63. The register con- 
tent is taken into account at each frame begin- 
ning. 


Configuration register TXB2 
Significant only when format 3 selected. 
(uW/DSI Only) 


After reset: 01H Time slot 1 selected. 


| = | - | B2xs | 2x4 | B2x3 | B2x2 | B2x1 | B2x0 | 


B2X5-B2X0 Transmit B2 Time Slot Assignment 


Those bits define the binary number of the trans- 
mit B2 channel time-slot on Bx input. Time slots 
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are numbered from 0 to 63. The register content 
is taken into account at each frame beginning. 


Configuration register RXB2 

Significant only when format 3 selected. (uW/DSI 
Only) 

After reset: 01H Time slot 1 selected. 


| - | - |p2rs|p2r4| pers |B2R2/B2R1 |B2RO 


B2R5-B2R0 Receive B2 Time Slot Assignment 


Those bits define the binary number of the re- 
ceive B2 channel time-slot on BR output. Time 
slot are numbered from 0 to 63. The register con- 
tent is taken into account at each frame begin- 
ning. 


Configuration register TXD 

After reset: 

uW mode O8H (sub time slot 0, time slot 2 se- 
lected) 

Significant only when format 3 is selected with the 
D channel selected in the multiplexed mode: 


DX5-SX0 Transmit D channel Time Slot Assign- 
ment 


DX5-DX0 and SX1-SX0 bits define the binary 
number of the transmit D channel time-slot. DX5- 
DXO bits define the binary number of the 8 bits 
wide timeslot. Time slot are numbered from 0 to 
63. Within this selected time slot, SX1,SX0 bits 
define the binary number of the 2 bits wide time- 
slot. Sub time-slots are numbered 0 to 3. The reg- 
ister content is taken into account at each frame 
beginning. 


Configuration register RXD 

After reset: 

uW mode 08H (sub time slot 0, time slot 2 se- 
lected) 

Significant only when format 3 is selected with the 
D channel selected in multiplexed mode. 


DR5-SRO Receive D channel Time Slot Assign- 
ment 


DR5-DRO and SR1-SRO bits define the binary 
number of the receive D channel time-slot. DR5- 
DRO bits define the binary number of the 8 bits 
wide timeslot. Time slot are numbered from 0 to 
63. Within this selected time slot., SR1,SRO bits 
define the binary number of the 2 bits wide time- 
slot. Sub time-slots are numbered 0 to 3. The reg- 
ister content is taken into account at each frame 
beginning. 
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Status Register (STATUS) 
(Read only) 
After reset: 85H 


PWDN Power down 


PWDN = 1: UID is in power down state 
PWDN = 0: UID is in power up state 
RXFFU RX FIFO underflow 


RXFFU = 1: The bits rate on Br pin is higher than 
the bits rate side line. 


RXFFU =0:The bits rate on Br is in accordance 
with the bits rate side line 


RXFFO: RX FIFO overflow 


RXFFO = 1:The bits rate on Br pin is lower than 
the bits rate side line. 


RXFFO =0:The bits rate on Br pin is in 
accordance with the bits rate side 
line. 


TXFFU TX FIFO underflow 


TXFFU = 1: The bits rate on Bx pin is lower than 
the bits rate side line. 


TXFFU=0:The bits rate on Bx pin is in 
accordance with the bits rate side 
line. 


TXFFO Tx FIFO overflow 


TXFFO = 1: The bits rate on Bx pin is higher than 
the bits rate side line. 


The bits rate on Bx pin is in 
accordance with the bits rate side 
line. 


When one of these four bits is set to 1, Tx FIFO 
and/or Rx FIFO is re-adjusted and data is lost. Un 
interrupt or message is generated if FFIT bit in 
CR4 register is set to 1. It is always possible to 
read this register by writting STATUS bit = 1 in 
RXOH register. 


TXFFO 


Transmit M4 channel register (TXM4) 
After reset: 7DH 


|= |m42x]m43x]m44x|ma5x|ma6x] - | mag | 


When transmitting SL2/SL3 or SN3, the UID shall 
continuously send in the M4 channel field the reg- 
ister content to the line once per superframe. 
Register content is transmitted to the line at each 
superframe. 

m41x, m42x in LT, m47x are activation bits. 
These bits are controlled directly by the on chip 
activation encoder-decoder. The corresponding 
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bits in the TXM4 register are not significant. 


m45x in NT mode is CSO bit: this is normally 0 
(UID performing warm start). Nevertheless, user 
can force CSO to 1 by setting m45 x to 1. 


When a read back is operated on TXM4, m41x, 
m42x in LT, m47x are indicating the current value 
of act, dea in LT and uoa/sai bits transmitted to 
the line. 


Receive spare M4 overhead bits register 
(RXMA4) (read only) 


After reset: 75H 


RXMé4 Register is constituted of 8 bits. When the 
line is fully activated (super frame synchronized), 
STLC5411 extracts the M4 channel bits. m41 is 
the act bit; m42 in NT mode is the dea bit; in NT 
m47 is the uoa bit; in LT m47 is the sai bit. These 
bits are under the control of the activation se- 
quencer. No interrupt cycle is provided for the 
RXM4 register when a change on one of the acti- 
vation bits is detected; never the less, they are 
available in RXM4. 

When one of the remaining received spare bits is 
validated following the criteria selected in the 
Configuration Register OPR, the RXM4 register 
content is queued in the interrupt register stack, if 
no mask overhead bits is set (see MOB bit in CR4 
register). It is always possible to read this register 
by writting RXM4 bit = 1 in RXOH register. 


Transmit M5 and Mé6_ channels 


(TXM56) 
After reset: 1FH 


| | = | - [mst |me1x] ms2x| febx | tebx | 


m51x, m61x, m52x spare over-head bits are nor- 
mally equal to 1. Default value can be changed by 
setting the respective bits. These bits are trans- 
mitted to the line in SL2/SL3 or SNS signal. 


febx Transmit febe bit control 

The febe can be forced to 0 by writing 0 in one of 
febx if RFS bit in CR6 register is set to 1. The febe bit 
set to zero is sent once to the line in the following 
available superframe. After febe transmission, febx 
bit returns to 1; the two bits positions are identical 
and allow direct compatibility between UIDs set in 
auto-mode (repeter). 


Note: the febx bits in TXM56 register are not the 
only way to force febe = 0 to the line. 

First, the febx action is controlled by RFS bit in 
CR6 register. 

Second, the nebe = 0 (local crc cmputing result) 
forces also febe = 0 to the line and this action is 
controlled by LFS bit in CR6 register. 

Third, TFBO = 0 in CR6 register forces permanen- 
tely febe = 0 to the line. 


register 
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Receive M5 and M6 overhead bits register 
(RXM56) (read only) 


After reset: 1FH 


| | = | - | mstr | motr | mser | tebr | nebr_ 


When the line is fully activated (Super frame syn- 
chronized), STLC5411 extracts the overhead bits. 
When one of the received spare bits m51, m61, 
m52 is validated following the criterias selected in 
the Configuration Register OPR. The RXM56 reg- 
ister content is queued in the interrupt register 
stack, if no mask overhead bits is set (see MOB 
bit in CR4 register). If the FIE bit in OPR register 
is set high, the RXM56 register content is queued 
in the interrupt register stack each time the febe 
bit is received equal zero with bit feb equal 0. 

The CRC received from the far-end is compared 
at the end of the superframe with the CRC calcu- 
lated by the UID during that superframe. If an er- 
ror is detected, the febe bit in the transmit direc- 
tion is forced equal zero in the next superframe. If 
the CIE bit in the OPR register is set high, the 
RXM56 register is queued in the interrupt register 
stack at each CRC error detected with bit neb 
equal zero. It is always possible to read this regis- 
ter by writing RXM56 bit = 1 in RXOH register. 


Activation control register (TXACT) 
After reset: OFH 


p- | - | - | - fos [os | ce] cr 


This register is constituted of four bits: (C1, C2, 
C3, C4). In GCI mode, this register is normaly ad- 
dressed by means of the C/I channel, but it is 
possible to address it by means of the MONITOR 
channel (see CID bit in CR2 register). 


Activation indication register (RXACT) 
(read only) 
After reset: OFH 


p - | - | - | - | ear | car | car { cir | 


This Register is constituted of four bits: (Cir, C2r, 
C3r, C4r). At each activation status change, 
RXACT is queued in the interrupt register stack. 
In GCI mode, the C1-C4 bits are directly sent on 
the C/I channel or monitor channel depending on 
the CID bit in CR2 register. Activation Indication 
instructions are coded on 4 bits according to acti- 
vation control description. It is always possible to 
read this register by writting RXACT bit = 7 in 
RXOH register. 
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Block Error counter 1 (BEC1) 
(read only) 
After reset: OOH 


This Register indicates the binary value of the 
Block Error up-counter 1. Error are counted ac- 
cording to C2E bit setting in register OPR (nebe + 
febe or nebe only). When counter one reachs the 
threshold ECT1, BEC1 register is queued in the 
ue TUe stack. BEC1 is reset to zero when it is 
read. 


Block Error counter 2 (BEC2) 
(read only) 
After reset: OOH 


This Register indicates the binary value of the 
Block Error up-counter 2. Febe errors are always 
counted. According to C2E bit setting in register 
OPR, when counter one reachs the threshold 
ECT2, BEC2 register is queued in the interrupt 
stack. BEC2 is reset to zero when it is read. 


Threshold Block Error Counter 1 register 
(ECT1) 
After reset: FFH 


It is possible to load in this register the binary 
value of a threshold for the Block Error counter 
1.When Block error counter reachs this value, an 
Interrupt relative to BEC1 register is loaded in the 
interrupt stack. This can be used as an early 
alarm in case of degraded transmission. 


Threshold Block Error Counter 2 register 
(ECT2) 
After reset: FFH 


It is possible to load in this register the binary 
value of a threshold for the Block Error counter 
2.When Block error counter reachs this value, an 
interrupt relative to BEC2 register is loaded in the 
interrupt stack. This can be used as an early 
alarm in case of degraded transmission. 


Receive status register - read command 
(RXOH) (Write only) 


[Eoc| m4 |Mss|act] o |staTus| o | RST| 


Reset to zero of all the RXOH bits is automatic. 
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EOC Receive EOC status register read. 


When EOC bit is set equal one, UID automatically 
loads the current value of RXEOC register in the 
interrupt stack independently of any _ status 
change. 


M4 Receive M4 overhead bits status register 
read. 


When M4 bit is set equal one, UID automatically 
loads the current value of RXM4 register in the in- 
terrupt stack independently of any status change. 


M56 Receive M5 and M6 overhead bits status 
register read. 


When M56 bit is set equal one, UID automatically 
loads the current value of RXM56 register in the 
interrupt stack independently of any status 
change. 


ACT Activation indication status. 


When ACT bit is set equal one, UID automatically 
loads the current value of RXACT register in the 
interrupt stack independently of any status 
change. 

In GCI mode, the RXACT read back always uses 
the monitor channel. 


STATUS 


When STATUS bit is set egal one, UID automat- 
ically loads the current value of STATUS register 
in the interrupt stack independently of any status 
change. 


RST RESET 
only). 


When RST bit is set equal one, UID is fully reset 
including configuration registers, state machine 
and all coefficients and reset to their default 
value. UID enters in the power-down state. 


(MICROWIRE/DSI configuration 


Transmit EOC register (TXEOC) 
After reset: FFFH 


XEOC1 | XEOC2 | XEOC3 | XEOC4 | XEOCS | XEOCE xe0c7 | xeocs | 
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TXEOC Register is constituted of 12 bits. When 
transmitting SL2/SL3 or SN3 signal. STLC5411 
shall continuously send into the EOC channel 
field the eoc bits twice per superframe. TXEOC 
register is loaded in the transmit register at each 
half a superframe. 


The address of this register is composed only of 4 
bits. Read-back can be performed by means of a 
read-back command 6100H. 


Receive EOC register (RXEOC) 


(read only) 
After reset: FFFH 


REOC2 | REOC3 } REOC4 | REOCS | REOC6 | REOG7 | REOC8 


The RX EOC Register is constituted of 12 bits. 
When the line is fully activated (super frame syn- 
chronized) and when a new eoc message is re- 
ceived and validated in accordance with the crite- 
ria selected in the Configuration Register OPR, 
the RX EOC Register is queued in the interrupt 
register stack. The address of this register is com- 
posed only of 4 bits. 

It is always possible to read this register by writ- 
ing RXEOC = 1 in RXOH register 


Identification Register (IDR) 

Fixed value: 08H 

(read only) 

When a read-back operation of IDR register is en- 
tered, UID loads the Identification Register in the 
interrupt stack. This register provides a reserved 
identification code agreed by GCI standard: 08H. 


IDR register is accessible via two addresses. 


MWPS Micro Wire Port Select register (Signifi- 
cant in microwire mode only). 
(write only) 
Default value: Mode A (5410 compatible) 
— Writting FFH value select the mode B to ex- 
change data onto Cl & CO 


— Writing OOH value select the mode A (See Mi- 
crowire control interface paragraph for more 
details Mode A, Mode B). 


Note: Soft Reset has no effect on the select 
mode. 
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Table 8: Register Content. 


REGISTER ACCESS MESSAGES 


FUNCTION BYTE 1 BYTE 2 
AD7/4 AD3/1 ADO 7 6 5 


Rey 
ie) 
nO 
—_ 
© 


0220... 0 520. 00 
0001 XXX —X 0 0 0 0 0 0 0 0 
CIE EIE  FIE OB1 OBO O0C1 0CO CE 
0010 o10 21 {0 0 0 0 0 0 0 0 

oo10 0110 
ooo O11 
CR4 w 
oo10 100 
0010 101 0 Io4 = 103.—s«*1O2——=i1O1—“ (ss HSsCiO—C<iR___ DDT 
oo10 101 
T15E ACTAUT PUPAUT QM AIS  TFBO RFS LFS 
CR6 R_| 0010 110 1 
0 0  BiX5 BiX4 B1X3 B1X2 BiX1  B1X0 
TXB R | 0011 000 1 
TXB2 W 
TXB2 R 
oo11 010 
oo11ot1_~SO 
0011 O11 { 0 0 0 0 0 0 0 0 
TXD w | 0011. 100 O | DX5  DX4  DX3  DX2 DXi  DXO  SX1 _ Sxo 
0011 101 o | DR5 DR4 DR3 DR2 DRI DRO SRI _ SRO 
RXD R | 0011 401 { 0 0 0 0 0 0 0 0 
0011. 11X ~— X 0 0 0 0 0 0 


Notes: 


1. Bit 7 of byte 1 ts the first bit clocked into the UID. 

2. All configuration registers can be read-back by setting bit 7 of BYTE 1 equal 1 

3. RXOH is a Write only register to force RXEOC, RXM4, RXM56, RXACT status register sending. RST reset the device 
4. It is recommended not to access all RESERVED adresses. X means 1 or 0 


W refers to a write operation. 
R refers to a request for read-back. 
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Table 8: Register Content (Continued) 


AD7/4_ AD3/1 ADO E 5 4 3 2 1 0 
0100 0000 
0100 000 { 0 
0100 001 0 QO MSix M61x MS52x FEBx FEBx 
0100 0011 
o100 0100 
1 0 0 
1 0 


OOO 1O [ON 
oO /O 
oO 
oO 
© 
jo) 
oO 


0100 010 
0100 O11 0 0 0 0 0 
Oi 2) 0) =O 
XEOC1 XEOC2 XEOC3 XEOC4 XEOC5 XEOC6 XEOC7 XEOCS 
00 
0111 XXX 


000 


Oo |O 
oO 1]O};]oO 


Notes: 


1. All transmit registers can be read-back by setting bit 7 of BYTE 1 equal 1 except for TXEOC register To read-back TXEOC, use the command 
61-00 H. 


2. BEC1, BEC2 and IDR are read-only registers 
3. FREE adresses are ignored by the device. 


4. In the TXEOC register: 
E = eal, the msb of the EOC destination address 
F =ea2 
G=ea3 
H = dm, the EOC data/message mode indicator 


oO 


M42x is significant in NT mode only 
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Table 8: Register Content (Continued). 


READ BACK MESSAGES 
FUNCTION BYTE 1 BYTE 2 


> 
oO 
=~ 
5 
> 
oO 
o 
a 
> 
Oo 
° 
“N 
ron) 
wn 
b 
7) 
no 
as 
ro) 


| CIE EIE—FIE' ~—OB1 ~—SOBO-—SOC7_——OCCE 
0010  oo1 1 | FFI FFO CK2 CKi CKO. DDM CMS __ BEX 


BP2 RR 


2) 
D 
NO 
© 
= 
fon) 
jar 
[) 
i) 
“Tl 
o) 
Zz 
aa | 
on 
S) 
= 
O 
S) 
m 
Zz 
Ss 
s) 
w 
x 


2) 
Be 
Bay 
°o 
gS 
oO 
° 
ro) 
m 
= 
m 
@ 
Ne) 
m 
0 
ros) 
m 
on 
a 
mn 
nT 
Cc 
O 
188) 
.@) 
— 
QO 


0010 101 1 lo4 103 102 o1 D4 D3 D2 D1 
CR6 0010 110 TiSE ACTUAT PUPAUT QM AIS. TFBO. RFS _ LFS 


TXB1 0011 000 0 0 B1X5 BixX4  Bix3  B1xX2 _ Bixt1 B1X0 


—_—k 


0011. -001—S 4 0 0 B2X5 B2X4_—-B2X3.——sB2X2——sB2X1_—«iB2X0 
RXB1 0011 o10 1 0 0 BIR5 BiR4 BiR3 BiR2 BIRi BIRO 
RXB2 0011 O11 1 0 0 B2R5  B2R4 B2R3 B2R2 B2R1  B2RO 


2 
R2 


XO 
RO SR1 


0 


0011 100 
0011 101 


DX4 
DR4 


3 
R3 


Oo 


O|o 
0 |X 
o1}o 
S 
x< 
0 
x< 
S 
a 
Ss) 
n 
ane 
nln 
> 


ee) 
io) 


CO 
O 


R1 


a ee ee 2 
O 


TXM4 0100 000 0 M42x M43x  M44x  M45x = M46x 0 M48x 
TXM56 0100 001 1 0 0 0 M5ix =M61x  M52x  FEBx FEBx 


0 0 0 
0100 O11 C7 c6 
0100 100 C7 C6 
ECT17 ECT16 ECTi5 ECT14 ECT13 ECT12 ECT11 ECTI10 


ECT2 0100 110 ECT27 ECT26 ECT25 ECT24 ECT23 ECT22 ECT21 ECT20 
TXEOC 0110 EFG XEOC1 XEOC2 XEOC3 XEOC4 XEOC5 XEOC6 XEOC7 XEOC8 
1000 000 0 0 0 0 0 


oO 


(>) 

ao 

(@) 

st 

(@) 

ao 

= re) 

N 

Qa 

om, 

2 © 
x< 


C4x 3x Cex 


Tj [A/a fa fa 
i?) 
on 
Q 
Ae 

= @ 
i?) 
ie) 
QO 
— 
OQ 
Oo 


io) 
oO 
oO 


Notes: 

1. For all these registers with the exception of TXEOC, bit 0 of BYTE 1 is set to 1 to indicate read-back message. 
2. CR5 configuration/status register is listed with status registers. 

3. Bit 7 of BYTE 1 is the first clocked out from the UID. 

4. M42x is significant in NT mode only 


SPONTANEOUS OR DRIVEN MESSAGES 


101 
000 


001 


Notes: 


1. All status registers can be read by setting first the appropriate command. At any status change, an interrupt cycle is issued 
2. In the RXEOC register: 

EF =eal 

F = ea2 

G=ea3 

H = d=0/m = 1 
. For all These registers with the exception of RXEOC, bit 0 of BYTE 1 is set to 0 to indicate a status register. 


a) 
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Figure 11: Transformer Design. 


LINE SIDE 


(secondary) 


Line Interface Circuit 


It is very important, compliance with the ANSI and 
French standard, that the recommended line in- 
terface circuit should be strictly adhered to. The 
channel response and dynamic range of this cir- 
cuit have been carefully designed as an integral 
part of the overall signal processing system 
to ensure the the performance requirements 
are met under all the specified loop condi- 
tions. Deviatons from this design are likely 
to result in sub-optimal performance or 
even total failure of the system on some 
types of loops. 

Turns Ratio: Np:Ns = 1:1.5. 
Secondary Inductance: Lp 27mH. 
Max leakage inductance: 100uWH 
Winding Resistances: 30 ohms 
> 10 ohms. 

Return Loss at: 40 kHz against 135 ohms 26 GB. 
Saturation characteristics: THD —70dB when 
tested with 50mA d.c. through the secondary and 
a 40kHz sine-wave injected into the primary at a 
level which generates 5V p-p into 135 ohms at 
the secondary. 


List of suppliers: 


SHOTT 
PULSE ENGINEERING 
AlE 


Table 10. 


NUMBER OF 
i TURNS.) ee ee 
98 Single #34 AWG 


120+120 Bifilar #36 AWG 
62 Single #34 AWG 


| WINDING | INDUCTANCE | RESISTANCE 


1-2 + 3-4 12 mH less than 5 
5-6 + 7-8 27 mH less than 10 Q 


(2.25Rp + Rs) 


STLC5411 


DEVICE SIDE 
(primary) 


Board Layout 

While the pins of the UID are well protected against 
electrical misuse, it is recommended that the stand- 
ard CMOS practise of applying GND to the device 
before any other connections are made should al- 
ways be followed. In applications where the printed 
circuit card may be plugged into a hot socket with 
power and clocks already present, an extra long 
ground pin on the connector should be used. Great 
care must be taken in the layout of the printed cir- 
cuit board in order to preserve the high transmis- 
sion performance of the ST5410. To maximize per- 
formance, do not use the philosophy of separating 
analog and digital grounds for chip. The 3 GND 
pins should be connected together as close as pos- 
sible to the pins, and the 2 VCC pins should be 
Strapped together. All ground connections to each 
device should meet at a common point as close as 
possible to the 3 GND pins order to prevent the in- 
teraction of ground return currents flowing through 
a common bus impedance. Two decoupling capaci- 
tors of 10uF and 0.1pF should be connected from 
this common point to VCC pins as close as possi- 
ble to the chip. Taking care with the board layout in 
the following ways will also help prevent noise in- 
jection into the receiver frontend and maximize the 
transmission performances. Keep the crystal oscil- 
lator components away from the receiver inputs 
and use a shielded ground plane around these 
components. Keep the device, the components 
connected to LI+/LI- and the transformer as close 
possible. Simmetrical layout for the line interface is 
suggested. 
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Figure 12: Recommended connections. 


S3pF 15.36MHZ S33pF 


27mH TRANSFORMER ATALZ TALI 


24 4.5:1 


N93ST5411-85A 
@.1%8 MATCHING IS REQUIRED TO NEET THE LONGITUDINAL BALANCE SPECIFICATION 
THE 1Sohm AND 1K RESISTORS IN THE INTERFACE CIRCUIT SHOULD BE 1%. 


33pF 15.36MHZ 33pF 


ll = 


45mH TRANSFORMER 
m XTAL2  XTAL2 


NBISTS411-86A 
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c8e 


SIINOULIATIOYUIIN 


NOSINOHL-S9S ELS | 


69/SS 


27mH TRANSFORMER 


45 XTAL2 XTAL1 
Lor 
FS 


GNDD1 
GNOO2 
GNDA 
VecA VUeed 


MULT ST 


6-B7 
FS bea 


BCLK AG-AS 
DIN 
DOUT 


INT 
CS 
RESET 
R/U 


Slots | 


HDLC/GCI 
CONTROLLER 


GNO Uce 


GND Uce 


CSS BATA BUS 


gS ADDRESS BUS 


MNIFSTI4A11-87A 


"uoneolddy 17 :ee, einbi4 


LLDSOILS 


v8E 
69/95 


NOSINOHL-S9S ELS | 


SIINOULIATIOUIIN 


GNO UCC 


MCLK 


7.3K 


— HT ctsa24 
3GnF EM 12K 
eS ee ee 
1:2 
S/T INTERFACE 


6. 1uF 


«SU +#¢SU 
15.36MNHz . . 


280) af 


XTAL XTAL2 GNOD UCCD UCCA GNDA 


SCLK 


FSa 


BCLK STLC5411 
Br 2810 UID 


LO- 
M6 CONF2 CONF 1 TEST1 TEST2 Mu 


27mH TRANSFORMER 
1:1.S8 


U INTERFACE 


NGISTSA11-BEIA 


LLPSOILS 


‘uoweoddy IN :qep aanbiy 


S8E 


NOSWOHL-S9S ELS | 


SDINOULIITIOUSIN 


69/ZS 


C.G. SIDE 
————— 


27mH TRANSFORMER 


N9IFSTS411-8FA 


43pF 15.36MHz 33pF 
4 ae NOT USED 


XTAL XTAL2 


STLC5411 
SLAVE 


LT-RR-AUTO 


SUBSCRIBER SIDE 
—__—__—» 


Z27mH TRANSFORMER 


‘uoneoddy yy :9¢e1 ainbig 


LLDSOILS 


98E 
69/8S 


SOINOULIATIOUIIN | | As 


NOSINOHL-S9S 


<< ACTIVATION STATES ——A 
—_——AT_————————_ START UP STATES. ——— —_—___ —————- <— END STATES —>| <—ERROR STATES —> 
0 & Ss — ——_———- U ONLY ————— 
STATE NAME Raves Alt Awak EC WAIT CHECK EC EC CVG SW SW SYN ISW TRANSIT | TRANSIT U&ST Pending U only Pding DEACT TEAR RECV 
ot 9 weno TRring SN2 SN2 CVGED UAO SYNC UAO SYNC BP2/FAO RR ACTIVE DEACTsr | AC TIVE ACTIVEs: Alertn DEAGT DOWN RESET 
pe fe | ef fe fe 


aes eset a ee ea ae eee 
aa 
sp TS spTs spTs sp T5 


sp T5 ae sp TS 
J10 J10 J10 J10 J10 J10 
EIU (1) elu a Etu (1) Elu (1) EIU (1) EIU (1) EIU (1) EIU (1) 


POWER ON 

#GCl ony 

LOSS OF POWER a 

J10 J10 J10 J10 eae 
EIU (1) elu a ew a) civ an ElU (1) EIU (1) EIU (1) ElU eae 

st Eas st es st a st ee st ae st eet st ee stT7 
J12 J12 J12 J12 J12 J12 J12 J12 / / / 
EIU (1) ElU (1) EIU (1) EIU (1) Elu (1) EIU (1) EIU (1) EIU (1) 


LOSS OF SYNC 
(>480ms) 


not QM COMMAND & 
RECENED TONE TN 


RES COMMAND 
eure J10 J10 and aim J10 J10 eal 
eure EIU(1) EIU (1) and aim EIU (1) Elu(1) | Elu eal 


(15 seconds) 
alae’ ff 


J3 
AP 


iF 
LOSS OF SIGNAL 
(>480ms) 


ARL COMMAND 


END TONE TL(3ms) 
EC not BP1 or ARL 


ar 

foaled 

conan 
UAR) 

ee 


SUPER FRAME SYNC 
ISW) / / ! 


OR COMMAND 


AR COMMAND 
UAR COMMAND 


Al COMMAND 
FAO COMMAND 


a 

ae 

|| 
ae 
Recaved 


Rene —— 
J8A 
— aa 


feet 
faa 
SE ee ae DT] 


<H-DO-DV NAZM<mMm 


/ 
/ 
/ 
/ 


stT5 
| 
/ 


ABSCENCE OF SIGNAL 


enoasurenrrames | 7 | oy |e | fe a unt 


(1) INAUTO MODE, THE EIU INDICATION BECOMES RES (EIU & RES HAVE THE SAME CODE) 
(2) IN J7/J78 STATES, IF ARL COMMAND THEN act BIT IS AUTOMATICALLY SET TO "1", ELSE act BIT = "0" 
i a Suc THE ACTIVATION PROCEDURE HAS BEEN INITIATED BY TE SIDE OR LT SIDE BY AR COMMAND, ELSE uoa BIT = 


> J8A 


WAY MOVING J8 < 


AF SBAP (J8A PENDING 
J8U & ST ACTIVE ( ) NN J8A U ONLY ACTIVE 


ACTIVATION/DEACTIVATION FINITE STATE MATRIX IN LT MODE Ton ETE PEND NG) AE 


LLPSOILS 


SDINOULITTIOUIIN J, ks 


NOSWOHL-S)S 


Z8€ 
69/6S 


oie eer < CTIVATION STATES <—— END STATES ——> 
——__—_ vonty——> |__| <  ERRORSTATES —> 


ik 


[starecooe| Ho | Hy | He poke |? |e Tap [Hea | vee | 10 
SNO SN3 SN3 SN3 SN3 SN3 SN3 SN3 SN3 | SNO SNO 


act = 0 act =1 act = { act =0 act=° act =0 act =0 act = 
san’ sai = 1 sai=1 sai =0 sa=* sal=0 sa=1 Sa=* 


easel ee 


ees FULL EC 
EVENTS 
Bar 
H10 H10 H10 H10 H10 H1i0 H10 
EIU (1) mae ElU Pye E!U ena EIU (1) EW (1) EW (1) 


powencw | ON 


EC SW ISW SYN Pding ISwW Pding U&ST TE Pding U only Pding Pding RECEIV TEAR 
CVGED SYNC Chk uoa ACTIVan SYNC ACTIVE ACTIVE INACTV DAEC Ty, ACTIVE ACTIN: DEACT RESET DOWN 
; me Bal Wl al Sl 
#GCl powencw | za 


rete ae 
pt et HO eres 


sp T4 sp 14 sp 14 spT4 spT4 spT4 
RES COMMAND H1 H10 H10 H10 H10 H10 H10 H10 
EIU (1 EIU (1) EIU (1) EIU (1) EIU (1) EIU (1 Eu 
EXPIRY OF TIMER 4 H10 H10 H10 H10 J10 
(15 seconds) AU EIU (1) EIU (1) EIU (1 EI (1) 


mace i es 


st T6 
{> 480ms) 


stT4 J 

H2(6) 

LSD 
AR COMMAND & not ! ae 
RECENED TONE TL 
END TONE TN (3ms) 


EC CONVERGED 
DETECT SIGN ENERGY 


cc 


LOSS OF SIGNAL 
(>480ms) 


H12 
EIU (1) 


7 H10 H10 H10 
ety cbs eth 


spT6 
/ / / H1 / 
D1 


not QM COMMAND & 
RECEIVED TONE TL (2) 


/ / 
/ 
ide 
! ae i Os CA aR 

H4 an 

fy | 


/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 


/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 


ea) 
eae 
= See 
1 | 
a a 
ae a 
eiinsi a 
5 


RECEIVED 
u0a = 1 


RECEIVED 
Uda = 


RECEIVED 
uoa= 1 


UAI COMMAND 
& RECEIVED 
uoa = 0 


UA! COMMAND 
& RECEIVED 
u0a = 1 


Dl COMMAND 
AR COMMANO 
Al or AILCOMMAND 


Et COMMAND 
RECEWED adc-0 
RECEIVED ad=1 


ABSCENCE OF SIGNAL 
{<40ms) 
EXPIRY OF TIMER 6 
(40ms) 


1) IN AUTO-MODE, THE EIU PRIMITIVE BECOMES DP WHEN NOT RR MODE OR RES WHEN NOT RR MODE 
2) WHEN BP1 = ‘1’, THE JUMP H2 FROM H1 WAITS FOR AN AR COMMAND 
i IN AUTO-MODE, THESE PRIMITIVES INDICATION ARE REPLACED BY ARL WHEN A MESSAGE ANALOG LOOP BACK IS DETECTED * no change 


[END TONE TN(3ms) | 
JECCONVERGED | 
; [DETECT SIGN ENERGY _| = ee 
V_ | BASIC FRAME SYNC / ree ame 
7 Ls) 
s H9 H9 H9 H9 H9 H9 H9 H9 
‘ PECEWED dea = 0 wee ‘ Po | fi P| swvest | savest | savest | savest | savest | savest | savest | savest | sAveST a j f 
R - RETURN 
p | RECENED oe EE a eS ES a oe 
g RECEIVED HEAP HBAP H8AP ; 
slg uoa = 0 DP (4) DP (4) DP (4) 
: 
Y 


AP (3 Ap a) Ap a 
H58 H8AP H8AP H8AP ] 
UAP (3) UAP (4) UAP (4) UAP ra 
HS8 H6 ! 
AP (3) AP a) AP (4) 


$ 
g 


RR 


4) IN AUTO-MODE, THESE PRIMITIVES INDICATION ARE REMOVED WHEN ARL INDICATION IS ALREADY SET 
5) IN NON AUTO-MODE, El PRIMITIVE INDICATION IS SENT FROM H7/H8 TO H11 AND REMOVED FROM H11 TO H6 WHENEI FILTER IS SET 
THE JUMP FROM H11 TO H7 WITH AIOR AIL COMMAND IS POSSIBLE ONLY WHEN EI-FILTER IS SET WAY MOVING H8 < 


(6) IF BP1 = 1 AR REQUIRED TO JUMP TO H2 
HeUaSAcTIVe 7 TAP IHBAPENDING) sy 154 UONLY ACTIVE 
S HeP(HaPENDNG) £~ 


> HBA 


ACTIVATION/DEACTIVATION FINITE MACHINE IN NT MODE 
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APPENDIX B - ELECTRICAL PARAMETERS 
ABSOLUTE MAXIMUM RATINGS 


| Symbol _| Parameter | Value | Unit 
Ta 


TRANSMISSION ELECTRICAL PARAMETERS 


parameter Min. | Typ. | Max. | Unit _| 
LINE INTERFACE FEATURES 
| Power up Output Differential Impedance (0-20KHz) betweenLOwLo- | | ot | | 
| Power Down Output Diffrential impedance (0-20KHz) betweenLOWLO- | 8 =| 12 | 16 | 2 
flccinPowerDown 
| locinPowerUpTransmiting(2) CEE Tm 
TRANSMISSION PERFORMANCES 
Transmit Pulse Amplitude on 120Q load (1 
Transmit Pulse Linearity (1:3 ratio accurancy) 


(1) This specification garanties the ANSI specification, concerning the pulse amplitude using the line interface recommended schematics, of 
2,5 2 5% Volts peak amplitude for 2B1Q pulse. 


(2) Test condition: VDD = 5V, 2B1Q random signal transmitted with recommended 27mMH line interface (fig 12) terminated with 135Q. 
STATIC CHARACTERISTICS 


. 
| Voc [| DCSupplyVoltage | | 5 | 
| Vun_| InputLow Voltage | Al DiginputsexceptXTALt | | 
| Vin | InputHigh Voltage | All Dig inputs exceptXTAL1 | 2.2 | | | Vv 
a 

emer 


Input Low Voltage XTAL1 Input 
Input High Voltage XTAL1 Input 


VoL Output Low Voltage Br, lo=+7mA 0.4 V 
All other Digital Outputs, 
l= +1MA 0.4 V 
Vou Output High Voltage Br, lo=—7mA 
All other Digital Outputs 
lo=—ImA 
All Outputs (3 OuA 


Input Current Any Digital Vin = Vpp a ae ee ae 
Input Current Input pin numbers: 14,15,16, | —10 LA 
22,26,18, Vin = GND 
ILLR Input Current with Internal Pull Up Input pin numbers: 6,7,12,13 | —100 LA 
Resistor 17,19,25,27,28 Vin = GND 
Input Current on XTAL1 GND < Vin < Voo /-200 | | 200 | pA | 
Input Current on LI+/LI- Li+ and LI- to GND to be characterized 


1OZ Output Current in High Impedance GND < Vout < Vpp ; All —10 10 LA 
State (TRISTATE) Digital Outputs except 
XTAL2 
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TIMING CHARACTERISTICS 


FMCLK | Frequency of MCLK Including Temperature, 15.36 MHz 
Tolerance Aging, Etc... —100 +100 ppm 
| | MCLK/XTAL Input Clock Jitter External Clock Source | | 50 | ns pk-pk | 


PUR, Goss ee eich CL Hr Level | Yer fee Oey Yeo ft 
lee es ee ae ee 


S 
tRM Rise Time of MCLK Used as a Logic Input 10 ns 
tFM Fall Time of MCLK 10 ns 

DIGITAL INTERFACE 

FBCLK | Frequency of BCLK Formats 1,2 and3 256 4095 KHz 
Format 4 and GCI Mode 512 6144 KHz 


ns 
| tWBL_| Clock Pulse Width, BCLK Low Level__| MeasuredfromVutoVn | 30 | | | _ns_| 
| tRB | RisaeTimeofBCLK ss Measured fromVutoVn | S| | 15 | ons 
| tFB | FallTimeofBCLK Ss Measured fromVanntoVn | | Ss || 15 | ons 
| 1SFB_ | Setup Time, FS High orLowtoBCLK Low | DSlorGClSlaveModeonly| 30 | | ——|_ns_| 
20 pons 
-20 
tDBD | Delay Time, BCLK High to Data Valid 
tDBDZ | DelayTime,BCLK HightoDataHZ | 
tDFD 
| SDB _| Setup Time, Data ValidtoBCLKLow | 
| i eee 


tHBD | Hold time, BCLK to Data Invalid 
Delay Time, BCLK High to TSR Low _| Load =100pF + 2LSTTL Loads 


20 


DelayTime, BCLKLowtoTSRHZ | © | 
D PORT IN CONTINUOUS MODE: 16KBITS/SEC 

| tSDD_| SetupTime,DCLKLowtoDXHighorlow | 
| tHDD | Hold Time,DCLKLowtoDXHighorlow| a ee oe 
| tDDD_| Delay Time, DCLKHighto DR High orLow | Load=50pF+2LSTTLLoads| [|_| 80_—|_=ons_| 


MICROW L INTERFACE 
re ee ee 


IRE CONTRO 

tWCH | Clock Pulse Width, CCLK High Level__| Measured fromVwtoVw | 85 | | | ns 
| tWCL_| Clock Pulse Width, CCLK LowLevel__| MeasuredfromVutovn | 85 | = {| | ns _| 
iRC_| RiseTimeofCCLK | Measured fromVitovm | | | 15 | ns 
| tFC | FallTimeofCcLK | MeasuredtromVintoVn | | | 15 | ns 
| tSSC_| SetupTime, CSBLowtoCCLKHigh | | | Ts 
| tHCS | HoldTime,CCLKLowtoCSBHigh | | to | Ts 
| 1WSH | DurationofCSBHigh | | 200 | ts 
| 1SIC_| Setup Time, ClValidtoCCLKHigh | | Ts 
| tHC! | Hold Time, CCLKHightoClinvaid | | | ds 
| 1DSO_| Delay Time, CSBLowtoCOValid | OutFirstBitonco_ | | 50 | 
| DCO | Delay Time CCLK LowtoCO Valid | Load=50pF+2LSTTLLoads| |_| 50_| ns _ 
| 1DCOZ | DelayTime,CCLKLowtocoHZ | cs 
| tDC!_| Delay Time, CCLK LowtoINTBLoworHZ | Load=80pF+2lsTTLLoads| | | 50 | ns 


(* In GCI mode: Load Res. 
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Figure 14: BCLK, FSA, FSB, SLAVE MODE, DELAYED MODE, FORMATS 1 2 3 (MW ONLY). 


Bx an LAST BIT OF THE FRAME FIRST BIT OF THE FRAME 
INPUT OUTPUT 


: mNg9ZSTS418-39 
Note 1: in accordance to the FBCLK frequency (see timing cheracteristics) 


Note 2: any deley (1 time bit modulo) can be use between FSA/BX & FSB/BR 


Figure 15: BCLK, FSA, FSB, SLAVE MODE, NON DELAYED MODE, FORMATS 1 2 3 (MW ONLY). 


FSA FSB 
INPUT INPUT 


Note 2 


oe ER LAST BIT OF THE FRAME FIRST BIT OF THE FRAME 
INPUT DUTAUT 


MBSPIETS41G-¢a 


Note 1: in accordance to the FBCLK frequency (see timing characteristics) 
Note 2: any delay (1 time bit modulo) can be use between FSA/BX & FSB/BR 


a Ly ScS:THomson 


MICROELECTRONICS 


STLC5411 


Figure 16: BCLK, FSA, FSB, SLAVE MODE, FORMAT 4 ALWAYS NON DELAYED MODE, (MW AND 
GCI MODE). 


Note i 


FSA FSB 
TNPUT INPUT 


Note 2 


we a LAST BIT OF THE FRAME FIRST BIT DF THE FRAME 
INPUT DUTPUT 


: MBISTS410~02 
Note 1: in atcordante to the FBCLK frequency (see taming characteristics)? 
Note 2: in MW mode. any delay (1 bit modulo) can be use between FSA/BX & FSB/BR 

in SCI mode. BX & ER always aligned. FSB does'nt exist: inside the 

device uses FSA 


Figure 17: BCLK, FSA, FSB, MASTER MODE, DELAYED MODE, FORMATS 1 2 3 (MW ONLY). 


Note 1 


tRc twCH 


2 


Inout es SCAM EY Mee LLM MLL LLL LLL LLL 


=: 


H 


AI2STS41B-S2 
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Figure 18: BCLK, FSA, FSB, MASTER MODE, NON DELAYED MODE, FORMATS 1 3 (MW ONLY). 


BCLK 
ouTPUT 


BX or BR SECDNO AIT EIGHTH BIT SIMTEENTH Q17 OF 
F 
INPUT DUTPUT LAST BIT OF THE FRANE | FIRST BIT OF THE FRAME OF THE FRanc{| of THE FRANE NINTH BIT OF THE FRAME THE FRAME 


FDISTSAID-49 
Note 1: 1m accordance to the selected frequency. High Jevel duration »~ Low level duration 


Figure 19: BCLK, FSA, FSB, MASTER MODE, FORMAT 4 ALWAYS NON DELAYED MODE, (MW 
AND GCI MODE). 


BCLK 


BUTPUT 


FSA 
OurPut 


FSB 
QuTPUT 


Bx Or Be LAST BIT OF THE FRAME FIRST B1T OF THE FRAME ee aan capaiiaietanan NINTH BIT OF THE FRAME Se See ae 
INPUT OuTPUT CF THE FRAME |} OF THE FRAME THE FRANE 


NGPSTS4IB-44 


Note 4* an accordance to the selected Frequency High leve] deretion «Low level duration 
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Figure 20: BX, DX, BR, DR, SLAVE & MASTER, DELAYED & NON DELAYED, FORMATS 1 23 (MW 
ONLY) 


BCLK 
INPUT of OUTPUT | 


TNPUT INPUT ] q STABLE Yyifyy 
Note 1 tOBD | 
ouTPUT OUTPUT 


MI2STS419-435 
Note 1: OX B&B OR 1f port O used in non tcontinvous mode 


Notes 2: if the bit on BR or OR 1s the first of the frame, 
see special case TIMING OIAGRAM Fig. 19 when the non delayed mode is selected 


Figure 21: BX, DX, BR, DR, SLAVE & MASTER, FORMAT 4 ALWAYS NON DELAYED, (MW & GCI 
MODE) 


oo re. 


MIZSTS4AIO~45 


STABLE 


Note 1: Ox & DR 1f port D used in non continuous mode {tin MU only) 


Note 2: if the bit on BR or OR is the first of the Frame, 
see special TIMING DIAGRAN Fig. 19 
Note 3: im GCI mode. BR is an open drein output. tDBD can’t be applied 
for a transition low ta high on &R. 
So. the delay ia: tO8DO For a transition nigh to Jow on BR. 
tO8Sd2 for eo transition low to high on SR Iigiven by external pull up resistor) 
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Figure 22: SPECIAL CASE BR, DR, ONLY FIRST BIT OF THE FRAME, IN SLAVE AND NON DE- 
LAYED MODES FORMATS 71 3 (MW MODE), FORMAT 4 (MW & GCI MODE) 


INPUT INPUT 


tDFD 


Note 3 


BR or DR disbica 


QuTPuUT OUTPUT 


NS2STS4I8- 47 
Note 4: im GCI mode. the SKHz referente for BR is FSA 


Note 2: DR tan be tonterned in format 3 if port D is used In no eontinuous mode 


Note 3: if FSB tor FSA in GCI mode) rises sooner than BCLK rising edge. 
tOFD is althout effert 


Figure 23: TSRB, SLAVE & MASTER, DELAYED & NON DELAYED, FORMATS 1 2 3 (MW ONLY) 


BCLK 
INPUT or OUTPUT 


BR TIME SLOT 
T air 


poet Note 4 
TSRB 
DUTPUT fe 


Note 4:i Ff the time slot 81 or B2 is the first of the Frame, 
see special case TIMING DIAGRAM Fig. 22 when the non delayed mode 15 selected 


MIZSITS41G-48 
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Figure 24: TSRB, SLAVE & MASTER, FORMAT 4 ALWAYS NON DELAYED MODE (MW & GCI) 


BCLK 
INPUT of OUTPUT 


BR TIME SLOT 
T T 


£08 Note 2? 
TSRB 
ouTPUT 


Note 1: if the time slot B1 or 82 is the rat oss of the frame. 
see special case TIMING DIABRAN Fag, 
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Figure 25: SPECIAL CASE TSRB, B1 OR B2 FIRST CHANNEL OF THE FRAME, IN SLAVE & NON 
DELAYED MODE, FORMATS 1 3 (MW MODE), FORMAT 4 (MW & GCI MODE) 


INPUT INPUT 
tDFT 


‘ 


Note 2 


TSRB 
OUTPUT 


MSIZSTSEIT~SB 
Note 3: im GOJI mode. the reference For time sist B41 & B2 on BR is FSA 


Note 2: 1f FSB tor FSA in GCI mode) rises snoner then BCLK rising edge. 
tDFD Is without effect 
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Figure 26: DCLK, DX, DR INCONTINUOUS MODE SLAVE & MASTER, DELAYED & NON DELAYED 
MODES ALL FORMATS IN MW MODE ONLY 


—— -—\ MICRO-SECOND (Note 1) 


INPUT ( sraste ) 


LM 


DR j j 
OUTPUT 


MNIZSTS#IE-S1 
Note it DCLK low level »« OCLK Rhagh level ~ OCLK period/é4 


Figure 24: MCLK ALL MODES 


N92S57T5418-S3 
Note 4! im setordente to the FMCLK Frequency [see timing theratteristics) 


Figure 25: MW PORT Mode A 


NEGATIVE 
CCLK 
INPUT 


POSITIVE ; 
CCLK 
INPUT 
CSB 
IN°UT 


Gn LEED Peon HEH seen — “MMA 
co g es 
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Figure 26: MW PORT Mode B 


NEGATIVE 
1 
Noe ce ats oe 


tFC tR 
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ASISTSaTI-12 


OUTPUT 


INTB 
OUTPUT 
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2Mbit CEPT & PRIMARY RATE CONTROLLER DEVICE 


PRODUCT PREVIEW 


ONE CHIP SOLUTION FROM PCM BUS TO 

TRANSFORMER (CEPT STANDARD) 

n ISDN PRIMARY ACCESS CONTROLLER 
(COMPATIBLE WITH ETSI, OPTION 7 AND 2) 

» HDB3/BIN ENCODER AND DECODER ON 
CHIP 

a» MULTIFRAME STRUCTURE HANDLING 

e BUILT INCRC4 

sp EASY LINK TO ST5451/MK50H25/MK5027 
LINK CONTROLLER. 

=» REFRAME TIME LESS THAN 0.5ms 

a REMULTIFRAME TIME LESS THAN 6ms PQFP44 (10 x 10) 

uw DATA RATE: 2048, 4096 AND 8192 Kb/s FOR 
MULTIPLEXED APPLICATIONS ORDERING NUMBER: STLC5432Q 

s FOUR LOOPBACK MODES FOR TESTING 

e PSEUDO RANDOM SEQUENCE GENER- 
ATOR AND ANALYZER FOR ON-LINE, OFF- 
LINE AND AUTOTEST 

a RECOVERY CLOCK CIRCUITRY ON CHIP PIN CONNECTION (top view) 

e 64 BYTE ELASTIC MEMORY FOR TIME 
COMPENSATION AND AUTOMATIC FRAME 
AND SUPERFRAME ALIGNMENT 

ep 25 ON CHIP REGISTERS FOR CONFIGURA- 
TIONS, TESTING, ALARMS, FAULT AND ER- 
ROR RATE CONTROL. 

s AUTO ADAPTATIVE DETECTION THRESH- 
OLD 

x AUTOMATIC EQUALIZER OPTION 

a 5V POWER SUPPLY 


DESCRIPTION 


STLC5432, CMOS device, interfaces the multi- 
plex system to the physical CEPT Transmission 
link at 2048Kb/s. Furthermore, thanks to its flexi- 
bility, it is the optimum solution also for the ISDN 
application as PRIMARY RATE CONTROLLER. 
The receive circuit performances exceeds CCITT 
Recommendation and the line driver outputs 
meets the G.703 specifications. 

STLC5432 is the real single chip solution that al- 
lows the best system flexibility and easy design. 
STLC5432 can work either in 2048 or 4096 or 
8192 Kbit/s systems programming the CR4 regis- 
ter (when parallel micro interface selected). 
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PIN DESCRIPTION 


VCCD1 18 Positive power supply inputs for the digital (Vccp1) and analog (Vcca) sections and for 
VCCD2 17 microprocessor interface signals (Vccp2). They must be +5 Volts and must be directly 
VCCA 34 connected together. 


ground. 


Receive HDB3 signal differential inputs from the line transformer. 
Positive power supply output for fixing reference voltage to the receive transformer. 
Typical value is 2.375V. 


Transmit HDB3 signal differential outputs to the line transformer.When used with an 
appropriate transformer, the line signal conforms to the output specifications in CCITT 
with a nominal pulse amplitude of 3 volts for a 120Q load on line side. 


The master clock input which requires either a parallel resonance crystal to be tied 
between this pin and XTAL2, or a clock input from a stable source. This clock does 
not need to be synchronized to the system clock. 

Crystal specifications = 16 384 KHz + 50 ppm parallel resonant; RS < 20Q loaded with 
33pF to GND each side. 


Negative power supply pins which must be connected together close to the device. All 
digital and analog signals are referred to these pins, which are normally at the system 


Meinl a 
HCR 19 


High clock received. When the device has recovered the clock from the HDB3 signal, 
HCR signal is synchronized to the remote circuit. The HCR frequency is either 8 192 
kHz if 8MCR bit of CR1 Register is put to 1 or 

4 096 kHz if 8MCR is set to 0. 


Low clock received. When the device has recovered the clock from the HDBS signal, 
LCR signal is synchronized to the remote entity. 

The LOR frequency is 8 kHz if 8KOR bit is set to 1, or 4 kHz if 8KCR bit is set to 0. 
When the remote clock is not recovered, HOR and LCR frequency are synchronized 
to master clock (16 384 kHz). 

HCR and LCR can be used by the system in Terminal Mode.These two clocks can be 
used by the transmit function of the device. 


Binary Receive Data Output. 2 048 kbit/s 
Receive Clock output. 2 048 kHz. 

After decoding, Binary Data and clock associated are provided for different 
applications. 


BRDI 10 Binary Receive Data Input. 2 048 kbit/s. 

RCLI 9 Receive Clock Input 2 048 kHz. 

BXDO 22 Binary Transmit Data Output. 2 048 kbit/s. 
Before encoding Binary Data is provided to different applications (Optical Interface for 
instance). Local clock is associated to this data. 

BXDI 33 This binary signal can replace BXD internal signal to be encoded if SELEX bit (CR1 
Register) is set to 1. 

1 Data Output. 30 B+D primary access data received from the line.Data can be shifted 
out from the tristate output DOUT at the LOLK frequency on the rising edges during 
all the time slots,except Time Slot Zero in accordance with TSOE bit (CR1 Register). 


NB : If parallel micro-interface is selected, DOUT is at high impedance after Reset. 
DOUT is at low impedance after writing CR4 register. 


Data Input : 30B+D primary access data to transmit to the line.Data can be shifted in 
at the LCLK frequency on the falling edges during all the time slots, except Time Slot 
Zero, in accordance with TSOE bit (CR1 Register). 
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PIN DESCRIPTION (continued) 


| Name | Pin | Type] Function 


Local Clock : this clock input determines the data shift rate on the two digital 
multiplexes. This clock frequency can be indifferently 2 048, 4096, 8 192 or 16 384 
kHz. Data Out and Data In rate is always 2 048 kbit/s when Serial Interface 
microprocessor: an internal automatic mechanism divides by two the frequency if 4 
096 kHz. 


Local Frame Synchronization for the Receiver. This clock input defines the start of the 
frame on the digital multiplex Data (pin DOUT). This clock frequency can be 
indifferently 8 KHz or a submultiple of 8 kHz. 


Local Frame Synchronization for the Transmitter. This clock input defines the start of 
the frame on the digital multiplex Data (pin DIN). This clock frequency can be 
indifferently 8 KHz or a submultiple of 8 kHz. 

If submultiple of 8 KHz, LFSX defines the start of even frame on DIN. The TSO of this 
even frame will contain the Frame Alignment Signal (FAS) on the line. 


Alarm 0 Output, alarm 1 Output. These pins are open drain outputs which are 
normally in high impedance state. 


Alarm definitions 


Z Z 


Frame or Multiframe recovered, 

A bit received is 0. 

Frame or Multiframe recovered, 

A bit received is 4 

Frame and Multiframe lost, AIS 

Alarm Indication Signal is detected. 
Frame and Multiframe lost, AIS 

Alarm Indication Signal is not detected. 


OVolt Z 


Z OVolt 


OVolt OVolt 


Multiframe. This pin is an input, connected to 0 Volt, the frame (FAS) is transmitted, 
the multiframe (MFAS) is not transmitted. If 5 Volt Frame (FAS) and multiframe 
(MFAS) are transmitted on to the line in accordance with G.704. Receiver is not 
concerned by this pi 


Stand Alone : When this pin is connected to 5 Volts, the device works without 
microprocessor. The configuration is given by the values per default of programmable 
registers. BRDI and BXDI must not be used. 


RESET: When this pin is put to 5 Volts during 100 ns at least every programmable 
register is reset (value per default). When this pin is set at zero Volt, the type of 
microprocessor is selected by PO, P1 pins. 


Processor interface. These two input pins define the microprocessor interface 


chosen. 
P1 PO Microprocessor Interface 


aa 
al 
Laie 
aie 
eee 
Eve 


0 0 Serial Microprocessor Interface 
1 ST9 Microprocessor Interface 
0 Multiplexed Motorola processor interface 
1 Multiplexed Intel processor interface 


| 35 
| RW/RD | 26 | 
| DswR | 2t 


35 
26 
21 
[+e rar ene eersoenm errs 
IS an open drain output. 
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c0V 
v/v 
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Q=16384KHZ ricR ~=LCR BRDO BRDI 


SYNCHRONIZATION 


HDB3/BIN : 64 BYTES 
DECODER MEMORY 


2Mb/s PSEUDO PSEUDO 


S2/T2 RANDOM RANDOM LOOPBACK LOOPBACK LOOPBACK | JPROGRAMMABLE uP 
INTERFACE SEQUENCE SEQUENCE 3 2 4 REGISTERS INTERFACE 
ANALYZER GENERATOR 


To Dor DOUT 


BIN/HDB3 MULTIFRAME 
ENCODER GENERATION 


D93TLO44C 


BDXI BXDO 


INVYSVIG HD901dE 
CEPSDILS 
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QUAD FEEDER POWER SUPPLY 


PRODUCT PREVIEW 


a SUPPLIES POWER FOR UP TO FOUR DIGI- 
TAL TELEPHONE LINES 

a CONFORMS TO THE CCITT RECOMMEN- 
DATIONS FOR POWER FEED AT THE S OR 
T REFERENCE POINTS 

=» SUPPORTS POINT-TO-POINT AND POINT 
TO MULTIPOINT CONFIGURATIONS 

«» OPTIONAL USE FOR U-LINE FEEDING 
(PUBLIC & PRIVATE) 

sm EACH OF THE FOUR LINES IS INDIVIDU- 
ALLY CONTROLLED PLCC44 

x HIGH-VOLTAGE BCD TECHNOLOGY SUP- 
PORTING UP TO -130V 

a AUTOMATIC THERMAL SHUTDOWN 

e STATUS CONDITION DETECTION (BY MI- 
CROPROCESSOR) FOR EACH LINE: 
— Low output voltage DIP24 PIN CONNECTION (Top view) 
— Openloop 
— Current overload 
— Thermal overload 
— Normal line condition 

as PROGRAMMABLE CURRENT LIMITING 

a OUTPUT CURRENT UP TO 120mA 


DESCRIPTION 


The ISDN Quad Feeder Power Supply (IQFPS) 
provides a power source for up to four line inter- 
faces. The power source to the device is a local 
battery or-a centralized regulated power supply. 

It can operate in point-to-point and point-to-mul- 
tipoint configurations as far as S interface is con- 
cerned. 

By the, device microprocessor interface, each 
powered line is individually controlled and moni- 
tored. 

Therefore, overloads and faults are easy to detect 
and localize even in a large system. 


The status conditions detected by the device on 
each line that may be read by the microprocessor 
are: 

s low output voltage 


= openloop 

= current overload 

ma thermal overload 

= normal line conditions 


A hardware current limiting programmable feature 
is available. 
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PLCC44 PIN CONNECTION (Top view) 


BLOCK DIAGRAM 


STATUS GROUP BUS 


LINE ENABLE REGISTER BUS 


ADDRESS 
BUS 0/2 


INDIRECT INPUT BUS D3/D0 LINE 


ADDRESS ENABLE 
REGISTER REGISTER 


pP 
INTERFACE 


OUTPUT 
BUS D3/D0 


30 |] RESET 


D94TL103 


THERMAL 
OV 


STATUS 
DETECTOR 


S DRIVERS 
DISABLE 


SO 
$1 
$2 
S3 
VBB(12) 


BGND 


DGND 
VOLTAGE 


REFERENCE VDD 
VBB(8) 


WR INT RESET 
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PIN DESCRIPTION 


=e 

ped 
a 
s2__ | 24 | 13 | Outputofthepowerswitch controller? 


| BGND | 9 
12 
19 
21 
24 


| RSAVD | - | 14 | Reseredpin:itmustbeleftfloating 
Active high reset input 

| RD | 31 | 17 | Activelowreadinput 
23 
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FUNCTIONAL DESCRIPTION 


ADDRESS LINE (Input) 


AO selects source and destination locations for 
read and write operations on the data bus. AO 
must be valid on the falling edge of ALE or during 
RD and WR if ALE is tied High. 


ALE - Address Latch Enable (Input; Active 
High) 

ALE is an input control pulse used to strobe the 
address on the AO line into the address latch. 
This signal is active High to admit the input ad- 
dress. The address is latched on the High-Low 
transition of ALE. While ALE is High, the address 
latch is transparent. For an unmultiplexed micro- 
processor bus, ALE must be tied High. 


BGND - Ground Battery 


CS - Chip Select (Input; Active Low) 


CS must be Low to enable the read or write op- 
erations of the device. Data transfer occurs over 
the D3-D0 lines. 


D3-D0 - DATA BUS (Input/Output; Three-State, 
Active Low) 


The four bidirectional data bus lines are to ex- 
change information with a microprocessor. DO is 
the least significant bit and D3 is the most signifi- 
cant bit. A High on the data bus corresponds to a 
logical 1. These lines act as input when WR and 
CS are active and as output when RD and CS are 
active. When CS is inactive, the D3-D0O pins are 
placed in a high-impedance state. 


DGND - Ground Digital 


ILIM - Current Limit Programming (Input) 


ILIM programs the current limit of the Output driv- 
ers using an external resistor connected between 
ILIM and VBB. The ILIM pin is 1.25V more posi- 
tive than VBB. The current limit is 5mA plus 1000 
times the current in the external resistor. The pro- 
grammed current limit applies to each driver. 


INT - Interrupt (Output; Open-Collector, Active 
Low) 


INT augments the Microprocessor Interface by 
generating an interrupt when a Current Overload 
Detector (COD) occurs. INT is active whenever 
any bits in the COD register are active. INT is not 
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latched; when the COD register is zero, INT goes 
inactive (High). INT will also go inactive if the 
IQFPS automatically disables the S-output driver 
that caused the interrupt (due to Thermal Over- 
load), or if the microprocessor disables that line 
via the Line Enable Register (LER). COD inter- 
rupts can be masked via the Indirect Address 
Register (IAR); RESET always disables the INT 


pin. 


RD - Read (Input; Active Low) 


The active Low read signal is conditioned by CS 
and transfers internal information to the data bus. 
If AO is a logical 0, logic levels of the Indirect Ad- 
dress Register (IAR) and Thermal Shutdown 
Status bit will be transferred to D3-D0. If AO is a 
logical 1, the data addressed by the IAR will be 
transferred to D3-DO. 


RESET - Reset (Input; Active High) 


RESET initialize the registers in the device, leav- 
ing the drivers switched off. 


$3-S0 - Drivers (Output) 
S3-S0 each supply power to one line. The outputs 


can sink up to 120 mA each. The voltage at the 
line is connected to VBB through a DMOS switch. 


VBB - Battery Voltage (input) 

VBB is the internal negative supply voltage. VBB 
must always be connected to the most negative 
supply voltage. The MPI Registers will not func- 
tion properly when the battery power is discon- 
nected, that is, when VBB is floating or grounded. 
The IQFPS should also be reset if a drastic tran- 
sient is applied to VBB. 


VCC - +5V Power Supply (Input) 


WR - Write (Input; Active Low) 


The active Low write signal is conditioned by CS 
and transfers information from the data bus to an 
internal register selected by AO. If AO is a logical 
1, D3-D0 is written into the Line Enable Register 
(LER). If AO is a logical 0, D3-DO is written into 
the IAR. LER and IAR are the only two writable 
registers in the device. 
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DC CHARACTERISTICS (Tamb = 25°C; Ves = -54V; Vcc = 5V; unless otherwise specified) 


[symbol | Parameter 
| Vin | Input Voltage HighLevel = | 
Vi_| input VoltageLowLevel | 


Saturation Voltage Is = 80mMA 
Ve Supply Current Vee = -54V, Rum = 31.2KQ 4 m 


B A 
Limit Current Rum = 31.2KQ, Ves = -96V 40.5 | 45 | 495 | mA 
Rum = 10.9KQ, Vep = -54V 102 120 138 mA 
Vivp Low Voltage Detector Threshold | S3- SO output active 2 3 3.3 V 
relative to Vas 
ISOL Current Overload Detector 75 85 95 % 
Threshold (as % of Istim) 
Open Loop Detector Threshold | = —C—“‘(L 2] | 8 | 4 | ml | 
Isz Si Leakage Current to ground @ | Vpp =-110V 100 LA 
Si disabled 
Low Voltage Detector Hysteresis | | | 8 || 
OpenLoopDetectorHysteresis | = C—Ci‘iLs S| || mA 


Hcop Current Overload Detector 2.4 mA 
Hysteresis 
H1 130°C Thermal Detector 
Hysteresis 
H2 160°C Thermal Detector 10 
Hysteresis 
as i 


Thermal Overload Recovery 
Time H1 


SWITCHING CHARACTERISTICS (Tamb = 25°C; Ves = -54V; Vcc = 5V; unless otherwise specified) 
MICROPROCESSOR READ/WRITE TIMING (for references see figure 1 and 2). 


|Symbol | ——sSSséParameter — ——‘i‘“—sé~*YLSCid is 
RD, GS pulse width 


| tam | ALE pulsewidth Tt 
| tam | Address setuptime TP ts 
tapaz_| Addressholdtime | ts 
twa | AddressZtoRDlow CT ts 
twwi |WRorCSpulsewidth | | ts 
| twim | Writerecoverytime 0] ts 
| toaws | Datasetuptime tof ts 

twioz | Dataholdtime | ts 
200 


Note: AC timings are tested at 0.8V and 2V with input levels of 0.4V and 2.4V. 
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Figure 1: Microprocessor Read Timing. 


tRHCH (Note 2) 
Le 


‘ 
ae : 
' Read Data ' 
D94TL108 


Notes: eee 2 
1 - If tctrL is negative, tRHRL, taLRH, tazAL, and trLoa are Measured from CS rathar_than RD. 
2 - If taHcH is negative, taHAL, taLRH and trHpz are measured from CS rather than RD 


When a read from the LER immediately follows a write to the LER a minimum of 1 ts is required between these operations 


Figure 2: Microprocessor Write Timing. 


1 toAWH |! ! 
>} 


1, _(Note3)_ 


O94TL109 


Notes: 
1 - If tcl. 1s negative twHw. and tw.wH are measured from CS rathar than WR. 
2 - If twHcH IS Negative, twHw., twiwH, toawH and twHpz are measured from CS rather than WR. 


The propagation delay from the writing of the T/I bit to the effect on the INT pin is approximately ius for both mask and enable operations. 
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OPERATIVE DESCRIPTION. 


Initializati 
The device is initialized by the RESET pin. In this 
state the analog drivers are switched off, the Indi- 
rect Address Register (IAR) is cleared, and the in- 
ternally latched address AO is cleared. 


Power at Output drivers 


The voltage at the Output drivers is approximately 
VBB (less VSAT). 


Analog Section 


The analog section consists of four line drivers, 
which are saturated DMOS transistor switches 
capable of sinking up to 120 mA each. The power 
to the drivers is derived from the negative supply 
voltage (VBB). The output voltage to each line is 
slaved to VBB, and the voltage drop in each 
driver is approximately 1.5V. 


Line driver protection is provided through the inte- 
gration of current limit and over-temperature shut- 
off. The current limit is hardware-programmable 
via an external resistor (RLIM) connected be- 
tween ILIM and VBB. 


The output limit is : 5mA + 1000 x 1.25V/RLIM. 


This 1000 x gain makes the ILIM pin susceptible 
to external noise, care should be taken to connect 
RLIM as close as possible to the component. 


The thermal shut-off is internally set at approxi- 
mately 160°C. 


At this temperature all the drivers are uncondition- 
ally switched off. However, at approximately 
130°C, only the drivers that are in the current- 
overload condition will be turned off. 


Status detectors, associated with each of the line 
drivers, monitor the load conditions on each line 
by comparing an electrical parameter (e.g., cur- 
rent and voltage at the line) with reference level. 
The output of each detector can be read by the 
microprocessor. In addition to these status detec- 
tors, the temperature of the device is monitored 
via integrated temperature detectors. The detec- 
tors respond at approximately 130°C and 160°C, 
as defined above, and the 160°C detector can be 
monitored by the microprocessor via the MPI. The 
status detectors provide the following information 
from each of the lines (all detectors have built-in 
hysteresis) : 


*) Low Output Voltage Detection 


The low-output-voltage status bit becomes ac- 
tive when the output DMOS transistor is pulled 
out of its linear region. 
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*) Open Loop Detection 


The open-loop status bit becomes active when 
the current on the line drops below a minimum 
value. 


*) Current Overload Detection 


The current-overload status bits become active 
when the current on the line nears the current 
limit. These bits active the INT output if COD in- 
terrupts are enabled via the IAR Register. 


*) Thermal Overload Detection 

If the device temperature reaches 130°C, then 
all the line drivers in the current-overload condi- 
tion will be switched off and the corresponding 
bits in the Thermal Overload Register will be 
cleared. If the device temperature increases to 
160°C, all the line drivers will be turned off, and 
all the bits in the Thermal Overload Register 
will be cleared. 


The T-bit will also be set, and it can be read 
along with the Indirect Address Register (IAR) 
to indicate that all the drivers have been turned 
off. To initialize any of the bits in the Thermal 
Overload Register, the microprocessor must 
first turn off the line drivers that must not be re- 
activated until the T-bit in the address register 
is cleared by the temperature detector in the 
device. 


MPI Section 


The MPI allows the user to access the detectors 
defined in the analog section. The line driver's 


' Status bits are grouped by function. Bits 3-0 of the 


detectors correspond to lines 3-0, respectively. 


The status group are : 
an Low Voltage Detector (LVD) 


e Open Loop Detector (OLD) 
a Current Overload Detector (COD) 
» Thermal Overload Register (TOR) 


The data is not latched in these status groups ex- 
cept in the TOR. 


Thus, the user should filter (multiple samples) the 
received data to ensure its integrity. There are 
two other registers in the MPI: the indirect Ad- 
dress Register (IAR), and Line Enable Register 
(LER). 

The IAR contains 3 bits that address the desired 
status group or the LER. The IAR is read along 
with the T-bit defined in the analog section. The 
microprocessor can read the JAR to check the va- 
lidity of the address. A 1us delay is required be- 
tween a write to the LER register, followed by a 
Read of the same register. Subsequent reads of 
the LER do not have this constraint. 
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The LER is used to enable or disable the individ- 
ual line drivers. The line drivers will only become 
active if the corresponding bit in the TOR is inac- 
tive. The LER is a read/write register. 


The MPI is the interface containing the following 
pins : 


D3-D0 Bidirectional Data Bus 

AO Input Address Line 

ALE Input Address Latch Enable 
RD ~ Input Read Enable 

WR Input Write Enable 

cs Input Chip Select 

INT Output COD Interrupt 
RESET Input Reset pin 


The 4-bit bidirectional data bus (D3-D0) is used to 
communicate with the registers. Access to the 
registers is controlled by CS, RD, WR, ALE, and 
AO as shown below. A read or write cycle must be 
preceded by a valid AO. AO is latched internally in 
a transparent latch by ALE. The selection of the 
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status group or the LER is determined by the con- 
tent of the IAR. 


The truth table for the MPI control is shown below 


wR} AO} 

| 0 | 0 [Write IAR (Tbit is read only) | 

| 4 | 0 |ReadiARandTbit 
1 fo | 4 |WriteteR 

0 | 1 | 1 [Read status groups or LER _ 


Loe 
Eo 
fee! 
ea 


RD | 
ca 
ee | 


ndir Addr Regi IA nd T/I Bi 


The IAR is 3 bits wide and accessible through the 
data port, D2-D0. The content of the Indirect Ad- 
dress Register (IAR2-IARO) determines the se- 
lection of the status groups or the LER. The ther- 
mal overload bit T/l is read and written at the 
same time as IAR and occupies Ds. 
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This register has the following format : 


Bit 0 of the IAR 
Bit 1 of the IAR 
Bit 2 of the IAR 
T bit: (Read only) 


Logical 0: temperature normal (default value) 

Logical 1: temperature above 160°C (all drivers shut off) 
| bit : (write only) 

Logical 0: INT pin disabled 

Logical 1: COD interrupts enabled via INT pin 


IAR2-IARO address the status groups and the LER as shown below: 


LVD 
OLD 
COD 
LEC 
RESERVED 
RESERVED 
LER 
TOR 


0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 


The contents and format of the status groups and the LER are as follows : 
LVD: 


ee | ee Logical 1 Logical 0 (default value) 


O00 low voltage O00 voltage normal 
O71 low voltage O1 voltage normal 
O2 low voltage O2 voltage normal 
O3 low voltage O3 voltage normal 


LEC: 


pt Ti hogicat | hogicato 


SWITCH ON SWITCH OFF 
SWITCH ON SWITCH OFF 
SWITCH ON SWITCH OFF 


SWITCH ON SWITCH OFF 


The Line Enable Command (LEC) indicates the status of the DMOS SWITCH OUTPUT. 


The Low Voltage Detector (LVD) indicates the voltage level on the output lines, even when the lines are 
disabled. The low-voltage condition becomes active (logical 1) if the output reaches the Low Voltage 
Threshold (VLVD). 


OLD: 


Pp BE ogi 1 | Logical 0 (defautt value) 


O0 open loop O0 current normal 
O71 open loop O1 current normal 
O2 open loop O2 current normal 
O3 open loop O3 current normal 


The Open Loop Detector (OLD) indicates the open-loop condition on the output lines. The open-loop 
condition becomes active (logical 1) if the current on the line drops below the threshold value ISOC. 
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COD: 


PoE i hogicat | Leogical 0 (default value 


OO current overload O0 current normal 
O1 current overload O1 current normal 
O2 current overload O2 current normal 
O3 current overload O83 current normal 


The Current Overload Detector (COD) indicates the current-overload condition on the output lines. The 
overload condition becomes active (logical 1) if the output current approaches the value programmed by 
an external resistor between ILIM and VBB. 


TOR: 


pit, Leogical 1 (default value) Logical 0 


O0 operational 
O1 operational 
O2 operational 
O3 operational 


The Thermal Overload Register (TOR) contains the overload status of the output line drivers. If the de- 
vice temperature reaches 130°C, then the output line drivers that are in the current-overload condition 
will be switched off. The corresponding bits in the TOR will be set to a logical 0. To initialize any of the 
bits in the TOR, the microprocessor must first turn off the output line drivers via the LER. However, the 
TOR bits cannot be deactivated if the 160°C detector is active. The Up may re-enable the output drivers 
via the LER after the TOR condition is removed. The TOR is a read-only register. 


LER : 


pS | hogicat tT Logical 0 (default value 


The Line Enable Register (LER) is used to enable or disable the individual output line drivers. The output 
line will only become active if the corresponding bit in the TOR is set to a logical 1. The LER can be writ- 
ten directly and read indirectly. 


ABSOLUTE MAXIMUM RATINGS (Ta = 0°C to 70°C) 


Parameter 
Voltage from Digital Input to DGND 
Voltage from Vcc to DGND 
Voltage from Veg to DGND 
100ns Pulse voltage from Si to DGND (See Notes 
Voltage from BGND to DGND 
Storage Temperature 


Note : Si stands for O00, 01, O2 or O3 outputs. 
RECOMMENDED OPERATING CONDITIONS 


| Parameter | Symbolt | Min. | Max. | Units 
Ambient Temperature ee ee a a a ee 


Supply Voltage 


Note: The test condition is specified with a diode in series with Ves. 
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LINE CARD INTERFACE CONTROLLER 


PRODUCT PREVIEW 


» BOARD CONTROLLER FOR UP TO 16 ISDN 
LINES OR 16 VOICE SUBSCRIBERS. 

a TWOSERIAL INTERFACES : 

-PCM Four bidirectional multiplexes 
-GCI One (or two) at 2 Mb/s. 

a NON BLOCKING SWITCH FOR 128 CHAN- 
NELS (16, 32 OR 64 KB/S BANDWIDTH). 

» N CONSECUTIVE 64 kb/s CHANNELS FROM 
AN INPUT MULTIPLEX CAN BE SWITCHED ae aoe 
AS A SINGLE N X 64 kbit/s CHANNEL TO AN ORDERING NUMBER: STLC5460 
OUTPUT MULTIPLEX AT 2048 kb/s. 

a TIME SLOT ASSIGNMENT FREELY PRO- 
GRAMMABLE FOR EVERY CONNECTED 
SUBSCRIBER. 

s PROGRAMMABLE PCM DATA RATES UP 
TO 8192 kb/s.CONSTANT DATA RATE AT 2 
Mb/s ON GCI SIDE. 

a PCM interface : 

- Simple and double clock frequency selectable;. 

- Programmable clock shift 

- Tristate mode control signals for external drivers. 

=» GCI interface : 

- Six bits or four bits Command/indicate channel 
selectable for analog or digital equipment 

- Command/Indicate Monitor channels validated 
or not 

u Microprocessor access to two selected bidirec- 
tional channels of GCI and/or PCM. 

a Multicontrollers for layer 1 functions : 

- C/I protocol controller for up to 16 C/I channels 
- Monitor protocol controller for up to 16 
Monitor channels. oadTLi8 

m Standard microprocessor interface with multi- 
plexed address/data bus or separate address 
data buses. 

a DIP40 PINS & PLCC44 pins PACKAGES 


PIN CONNECTIONS (Top views) 


EE LON RS 20 IO: Fe 


po es Se ee a ee a a Y 
oO On nnrnh WN — 


nM 
oO 


PLCC44 
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DESCRIPTION 


The Line Card Interface Controller, STLC5460, is 
a monolithic switching device for the path control 
of up to 128 channels of 16, 32, 64 kbps band- 
width. Two consecutive 64 kbps channels may 
also be handled as a quasi single 128 kbps chan- 
nel. For these channels, the LCIC performs non- 
blocking space time switching between two serial 
interfaces, the system interface (or PCM inter- 
face) and the general component interface (GCI). 


PCM interface can be programmed to operate at 
different data rates between 2048 and 8192 kbps. 
The PCM interface consists of up to four duplex 
ports with a tristate indication signal for each out- 
put line. The GCI interface can be selected to be 
PCM interface at 2Mbit/s. 

The LCIC can be programmed to communicate 
with GCI compatible devices such as STLC3040 
(SLIC), STLC5411 (U interface), ST5421 (S inter- 
face) and others. The device manages the layer 1 
protocol buffering the Command/Indicate and 


BLOCK DIAGRAM 


Monitor channels for GCl compatible devices. 


Due to its capability to switch channels of different 
bandwidths, the STLC5460 can handle up to 16 
ISDN subscribers with their 2B+D channel struc- 
ture in GCI configuration, or up to 16 analog sub- 
scribers. Since its interfaces can operate at differ- 
ent data rates, the LCIC is an ideal device for 
data rate adaption between PCM interface up to 
8Mb/s and GCI at 2Mb/s. 


Moreover, STLC5460 is one of the key building 
blocks for networks either with central, decentral 
or mixed signaling and packet data handling ar- 
chitectures associated with ST5451 (HDLC con- 
troller). 

STLC5460 is available in a DIP40 or a PLCC44 
package. 

The DIP40 version is controlled by a standard 8 
bit parallel microprocessor interface with a multi- 
plexed address-data bus. In the PLCC 44 pack- 
age, the device may optionally be controlled by 
separate address and data buses. 


DESTINATION REG COMMAND REG SOURCE REGISTER 


(ADDRESS) (DATA) 


(DATA) 


COMMAND MEMORY 


194 WORDS OF 74 BITS 


COUNTERS 


1 bit for 16 tristate 


SPECIAL 
PARALLEL SWITCH AT 
SERIAL 16, 32, 64 
SHIFTING [og KB/S 


C/l, MON 
TRANSMIT 
16 INDIPENDENT 
CONTROLLERS 


EXTRACTION 
2 x 64 Kbit 
CHANNEL 
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CHANNEL -INSERTION- = 


COUNTERS 


SWITCHING 
MEMORY 
194 BYTES 
(4PCM+2GCI + 2 


SERIAL 
PARALLEL 


SHIFTING 
12846442=194) 


INSERTION 
2 x 64 Kbit 
CHANNEL 


C/l, MON 
RECEIVER 
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PIN DEFINITIONS AND FUNCTIONS 


Symbol Pin ore | PinnPLCC | __Type (*) 
| dss Supply Voltage 5V, +5%. 


Address Bus Bit 0 : internal register address bus, 
bit 0. 


Receive PCM interface Data : Serial data is 
received at these lines at standard TTL or CMOS 
levels. 


Address Bus Bit 1 : internal register address bus, 
bit 1. 


Tristate control for the PCM interface. These lines 
are low when the corresponding TxD outputs are 
valid. 


Transmit PCM interface Data : Serial data is sent 
by these lines at standard TTL or CMOS levels. 
These pins can be tristated. 


PCM interface frame synchronization pulse. 
PCM interface data clock, single or double rate. 


Address Bus Bit 2 : internal register address bus, 
bit 2. 


Address Data Bus. If the multiplexed 
address/data P interface bus mode is selected 
these pins transfer data and commands between 
the P and the STLC5460. If a demultiplexed 
mode is used, these bits interface with the system 
data bus. 


Ground : OV 


Read : The signal indicates a read operation, 
active low. 

Write : This signal indicates a write operatin, 
active low. 


Chip select. A low on this line selects the 
STLC5460 for a read/write operation. 


(*): (I) Input 
(O) Output 
(IO) In/Output 
(OD) Open Drain 
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PIN DEFINITIONS AND FUNCTIONS (continued) 


| Symbol__| PinNDIP_| Pinn PLCC 


ALE 28 31 Address latch enable. In the Intel type multiplexed 
P interface mode a logical high on this line 
indicates an address of a STLC5460 internal 
register on the external address/data bus. In the 
Intel type demultiplexed P interface mode, this 
line is hardwired to VSS, in the demultiplexed 
Motorola type P interface mode it should be 
connected to VDD. 


29 Ree sh = OD Interrupt line, active low. 
30 33 


| pce | S| S| | Daataclock output. CC 

| orsc. | tT 84 | Oi Frame synchronizationoutput, 

Fe 2 el 
interface (Motorola, Intel, ST9 

| vpp2 | 33 | Se S| St Sd Powersupply:5V0 

| pint | 4 Sd Ct Datainput1 

| piso, |) 5] S| CC eC Dattainputo— 

| pour | 36 | 40 | O [| GClDataOutpti 

| pouro | 37 | 47 | Oo | GCiDataOutppto Cd 

Ce | = 7 ee a Bus Bit 3 : Internal register address bus, 

it3.. 

OG nce 
interface (Motorola, Intel or ST9). 

| vssa_ | 39 ~| 4 | 1 | Ground CCCs 

RES ne ae Reset. A logical high on this input forces the 

STLC5460 into the reset state 


Figure 1: GCl and PCM Interfaces. 
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LINE CARD APPLICATIONS 


STLC5460 is designed both for digital and analog 
line card architectures. 


lt supports up to 16 ISDN subscribers or 16 voice 
subscribers. The level 1 devices are connected to 
S1T5451 circuits to perform the D channel handling. 


Analog Line Card 


In analog line cards STLC5460 controls the sig- 
nalling voice and data path of 64 kb/s channels. 


In combination with STLC3040 and ST5451, it al- 
lows to perform an optimized line card architec- 
ture. 


STLC5460 controls configuration of STLC3040 
and _ transmits/receives signalling from the 
STLC3040. 


Digital Line Card 


In digital line cards STLC5460 controls configura- 
tion of Level 1 circuits (U or S Interface) by 
means MON channel configuration and performs 
activation/deactivation by means of Command/in- 
dicate protocol. STLC5460 switches the B chan- 
nels and can switch the D channels if the channel 
processing is centralized. 


FUNCTIONNAL DESCRIPTION 
PCM INTERFACE 


The PCM Interface Registers configurate the data 
transmitted or received at the PCM port for: 


— one PCM, the maximum data rate is 2048kb/s 
with four PCM ports (PCM Mode 0). 


— one PCM, the maximum data rate is 4096kb/s 
with two PCM ports (PCM Mode 1). 


— one PCM, the maximum data rate is 8192kb/s 
with one PCM port (PCM Mode 2). 


The clock frequency of PDC is equal to or twice 
the data rate. 


The rising edge of PFS signal is evaluated to de- 
termine the first bit of the first time slot of the 
frame. The length of PFS pulse is one bit-time at 
least and the length between two pulses is also 
one bit time. 


After reset, STLC5460 is synchronized after two 
consecutive correct PFS pulses. Synchronization 
is lost by the device if the PFS signal is not re- 
peated with the correct repetiton rate which has 
been stored by the circuit at the beginning of syn- 
chronization reserch. 


LSYNC bit (interrupt register) at "1" indicates the 
synchronous state, a logical 0 shows that the syn- 
chronism has been lost. 

Without programming the bit shift function of the 
PCM interface, the rising edge of the PFS signal 
marks the first bit of input and output PCM frame. 


STLC5460 


The Time Slot structure may be shifted using 
IPOF, OPOF and CPOF registers. The relation 
between the framing signal PFS and the bit 
stream is controlled by the contents of these reg- 
isters. These registers denote the number of bit 
times, the PCM frame is shifted. 


GCI INTERFACE 


The Monitor Channel and the Command/Indicate 
channel may be validated or not. If not validated, 
the B3 and B4 channels become standard chan- 
nels at 64 kb/s. 


Command/Indicate channel if validated may be 
configurated with four bits for digital cards or six 
bits for analog cards. 


The clocks (Bit clock and frame clock) are deliv- 
ered by the device with double rate clocking or 
simple rate clocking 


ee 
Double Data pie 
clock kb/s 
DCL kHz | simple | Double, ee 
| 4.096 | 2.048 | 2048 | | 2.048 | Mode. 
[40s6 [208 [| 4096 [045 [Mode 0” 
| 4.096 | 2.048 | 4.096 | | 4.096 | Modet | 
| 4.096 | 2.048 | | -8.192 | 4.096 | Mode 1 


| 4.096 | 2.048 | 8.192 | | 8.192 | Mode 2. 
| 4.096 | 2.048 | | 16.384 | 8.192 |Mode 2 | 


FSC and DCL are output signals derived from 
PFS and PDC which are input signals. 


MEMORY STRUCTURE AND SWITCHING 
The STLC5460 contains two memories, the Con- 


-trol Memory (CM) and Data Memory (DM). 


Data Memory buffers the data input from the 
PCM interface and the data input from the GCI in- 
terface. Data Memory has a capacity of 128 + 64 
time slots to buffer 4 PCM frame of 32 time slots 
and two GCI interfaces. It is written periodically 
once every 125us controlled by the input counter 
associated to PCM interface and by the input 
counter associated to GCl interface. Data Mem- 
ory is also used to perform the switching function 
and loopbacks. 


The Control Memory has a capacity of 128 + 64 
locations of 8 bits of control memory data and 6 
bits of control memory code. The 14 bits are writ- 
ten via microprocessor interface and read cycli- 
cally under the control of the output counter asso- 
ciated to PCM interface and under the contro! of 
the output counter associated to GCI interface. 
The description of command register describes 
the different capabilities: switching at 64kb/s, 
32kb/s, 16kb/s, loopback and also extraction/in- 
sertion from the microprocessor interface. 
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MICROPROCESSOR INTERFACE 


The STLC5460 provides interface signals for Mo- 
torola type, Intel type and ST9 microprocessors. 
In the Intel type P interface mode either a multi- 
plexed or a demultiplexed bus structure may be 
chosen. 


For a demultiplexed bus structure the PLCC 44 
package needs to be used, since only this pack- 
age provides the additional lines of a separate 4 
line address bus. 


The ALE line of STLC5460 is used to control the 
bus structure and interface type. ALE is fixed to 
+5V for the Motorola type P interface and it is 
switching to signal an address or data transfer in 
the multiplexed Intel type P interface mode. Pins 
28 and 29 of the PLCC package are interpreted 
as RD and WR for an Intel type interface or DS 
and R/W for a Motorola type interface. 


For memory access, three registers are provided. 


The destination register contains the address of a 
specific location of control memory; the source 
register contains the data (to be written or read) 
of the control memory. The control register con- 
tains the code (6 bits to be written or read) of the 
control memory. 


A memory access using the actual command reg- 
ister and source register is performed upon every 
destination register write access. The processing 
of the memory access takes at most 488 ns.2.5. 


EXTRA CHANNELS C/I AND MON CHANNELS 


The Command/indicate and Monitor channels can 
be validated or not. 


If validated, the C/I and MON protocol controllers 
operate and it is not possible to use this channels 
for switching. 


If not validated, the protocols are inhibited and the 
channels can be used for switching. 


COMMAND/INDICATE PROTOCOL 


One configuration bit indicates the number of bits 
of the primitive (four or six bits) for all the chan- 
nels. Eight (or sixteen) C/I channels are imple- 
mented. 


To transmit a primitive into one of 16 channels, 
the primitive (4 or 6 bits) is loaded into source 
register and the C/I channel number is loaded into 
destination register with W/R bit of command reg- 
ister at "1". 


With the same content in the destination register, 
the reading of the source register contains 4 (Or 
6) last significant bits of the primitive which has 
not been transmitted yet, transmitted once, twice 
or more (two more significant bits). 


To receive one primitive from sixteen channels, 
the process is the following : 
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An interrupt is generated when a new primitive 
has been received twice identical. Receive Num- 
ber C/I Register contains the number of C/I chan- 
nels (4 bits) and Auxiliary Memory contains the 
primitive received. 


Moreover, the microprocessor can read directly 
the 16 primitives which have been received and 
stored into the Receive C/I Memory. To read this 
memory, Source Register contains the number of 
Receive C/I channel and destination register con- 
tains the primitive (4 or 6 bits) with a seventh bit 
which indicates whether the primitive has been 
received one or twice identical. 


MONITOR CHANNEL PROTOCOL 


Sixteen Monitor channels are implemented. To 
transmit message of one (or more) words, the first 
(and the next) is loaded into source register and 
the number of MON channels into destination reg- 
ister with W/R bit of Command Register at 1. 


This byte is transmitted if BYTE Bit of Command 
Register is at 7. 


To receive Message from sixteen Monitor chan- 
nels, the process is the following : an interrupt is 
generated when a new byte has been received 
twice identical. 


Receive Number Register contains the number of 
MON channels (4 bits) and receive data Monitor 
Channel Memory contains the last word received. 
The remote transmitter will transmit the next word 
after this register is read by the local microproces- 
sor. 


INSERTION - EXTRACTION 


This capability allows to insert data to GCI inter- 
face and to PCM interface and to extract data 
from GCI interface and from PCM interface. This 
data is provided either by the microprocessor or 
by an internal Pseudo Random Sequence Gener- 
ator. 


INSERTION 


Two programmable registers (Insert A and B) 
contain the data to insert into two outputs time 
slots continuously. To perform an insertion, four 
registers are programmed by the microprocessor. 


- Insert A and/or B Registers for the data to in- 
sert. 


- The Destination Register to indicate the output 
PCM or GCI interface and the number of 
Time Slot selected. 


- If necessary, the Command Register to insert 
into 64 kb/s, 32 kb/s or 16 kb/s channel. 


if two insertions are validated with two consecu- 
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tive time slots, a 128 kb/s channel is performed. 
When the data is inserted, status bit (INS) is put 
at logical 1. An interrupt is also generated. 


- Extract A and/or B Registers for the data ex- 
tracted. 


- The Source register to indicate the input PCM 
or GCI interface and the number of Time Slot 


EXTRACTION selected. if two insertions are validated with 
Two programmable registers (Extract A and B) two consecutive time slots, data at 128 kb/s is 
contain the data extracted from two input time extracted. When the data is loaded in Extract 
slots. To perform an extraction, three registers A or Extract B Register, Status Bit (EXT) Is 
are programmed by the microprocessor : put at logical 1. An interrupt is also generated. 
Ej SGS-THOMSON = 
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en» 4B3T TWO-WIRE U INTERFACE CIRCUIT 
FOR LT AND NT APPLICATION 

=» 120 kbaud LINE SYMBOL RATE (120 SYM- 
BOLS PER FRAME) 

a SCRAMBLER AND DESCRAMBLER AC- 
CORDING TO CCITT REC V.29 

« BARKER CODE (11 SYMBOLS) SYNCHRO- 
NIZATION WORD 

ne UNSCRAMBLED 1 KBIT/S HOUSEKEEPING 
CHANNEL 

m ADAPTIVE ECHO CANCELLATION WITH 
TRANSVERSAL FILTERING 

m ADAPTIVE DECISION FEEDBACK EQUALI- 
ZATION 

es AUTOMATIC GAIN CONTROL 

a PDM AD CONVERTER 

a AUTOMATIC ACTIVATION AND DEACTIVA- 

TION WITH POLARITY ADAPTION 

AUTOMATIC CODE VIOLATION DETECTION 

POWER FEED UNIT CONTROL 

ADVANCED CL3 1.5um CMOS PROCESS 

28 PIN DUAL-IN-LINE PLASTIC PACKAGE 

V* DIGITAL INTERFACE 


SYSTEM OVERVIEW 


STU2071 (UIC) provides two transparent 64 kbit/s 
B channels, a transparent 16 kbit/s D channel, a 
transparent 1 kbit/s service channel and a 1 kbit/s 
maintenance channel for loop and error mes- 
sages on subscriber lines. 


UIC enables full duplex continuous data transmis- 
sion via the standard twisted pair telephone ca- 
ble. Adaptive Echo cancellation is used to restore 
the received data. An equalizer, done with an 
adaptive filter, restores the data which are dis- 
torted by the transmission line. 


The coefficient of the equalizer and echo cancel- 
ler are conserved during a power down. An all 
digital PLL performs both bit and frame synchroni- 
zation. 


The analog front end consists of receive path RX 
and transmit path TX, providing a full duplex ana- 
log interfacing to the twisted pair telephone cable. 
Before data are converted to analog signals, they 
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4B3T U INTERFACE CIRCUIT 


PRELIMINARY DATA 


DIP28 
ORDERING NUMBER: STU2071B1 


PLCC28 
ORDERING NUMBER: STU2071FN 


pass through a_ digital filter (TX-filter) to reduce 
the high frequency components. After D/A con- 
version the signal is amplified and sent to the hy- 
brid. 


The received signal is converted back to digital 
data and passed through the RX matching filter to 
restore the line signal. The A/D convertor is a 
second order sigma/delta modulator which oper- 
ates with a clock of 15.36 MHz. After timing re- 
covery, achieved by a digital PLL, the received 
signal is equalized, in an adaptive digital filter, to 
correct for the frequency and group delay distor- 
tion af the line. 


Power supply status can be read via PFOFF. The 
UIC can disable its power supply (DISS), and two 
relay drivers outputs are provided (accessible via 
B2*) to control the power feed unit (RD1,RD2). 
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PIN CONNECTION (Top view) 


DVSS 
PFOFF 


LT 
TEST DISS/COEF 


DISS/COEF seas 
RESETN 25 DIN 


PLCC28 


TSP 
BURST 


FR 


D93TLO41 


DIGITAL SIGNAL PROCESSOR ANALOG FRONT-END 
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PIN DESCRIPTION 


Function 


Power feed off. PFOFF=HIGH is coded by the A-bit indication HI 
accessible on DOUT. Active in LT mode only. 


TSP(input 


LOUT2(output utput to the line. 
LIN1,LIN2(input Inputs from the line (UKO). 


In LT burst: 
APPLICATION AND MODES 


The UIC can be used in LT, LT-burst and in NT 
mode. 


Hereafter a list of the pin bias to set up the de- S time slot 


; ee time slot 
sired mode is given. time slot 


In LT mode: 


Test pins should always be tied to GND 
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MODE DEPENDENT FUNCTIONS 


ew LTburst | NT | LT | LTRP NTRP 
5 a a a a ee a ee se 
| purst | imt | 4 | o | o [| o | oo | 
| s2,si,so | input | __ static | 100 | ooo | oo1 | o10 
DIN input 2048 256 256 256 256 
DOUT output kbit/s kbit/s kbit/s kbit/s kbit/s 
| 768 | - | 768 | 
CL mae input 4096 512 512 
output _ 512 — — 512 
FR (KHz) input 
output 


RECOMMENDED APPLICATIONS 
LT mode 


Figure 2: LT Schematic Application Diagram 


256 kbit/s ——> 


Analog echo 
Subtraction 


DIN: Data input, datarate = 256 kbit/s, continuous 
DOUT: Data output, datarate = 256 kbit/s, continuous 
CL: Data clock input, f = 512 KHz 
FR: Frame clock input, f = 8 KHz (1:1) 
XTAL2: System clock input, f = 15.86 MHz (Tx clock synchronous to system clock) 
CLS: Clock output, 7.68 MHz 
= L577 SGS:THOMSON 
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NT mode 


Figure 3: LT Schematic Application Diagram 


256 kbit/s 

256 kbit/s 
75 ohnm/n2Z 

512 kHz 


8 kHz 
7.68 MHz 


0 
0 


RESETN 


DIN: Data input, datarate = 256 kbit/s, continuous 

DOUT: ‘ Data output, datarate = 256 kbit/s, continuous 
CL: Data clock input, f = 512 KHz 
FR: Frame clock input, f = 8 KHz (1:1) 

XTAL1/2: 15.36 MHz Xtal connection (Clock not synchronous to system clock) 
CLS: Clock output, 7.68 MHz (used to synch S interface) 
(7 SGS-THOMSON ee 
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LT burst mode 


Figure 4: LT Burst Mode Schematic Application Diagram. 


75 Ohm/n2 


2048 kbit/s e Ea e 


75 oha/n2 


2048 kbit/s 


line 
Analog echo |test | 
Subtraction access 


static 

static < 

static < 
< 
< 


0 
<——  +2..5 


system 
clock 


DIN: Data input, datarate = 2048 kbit/s, continuous 
DOUT: Data output, datarate = 2048 kbit/s, continuous 
CL: Data clock input, f = 4096 KHz 
FR: Frame clock input, f = 8 KHz (1:1) 
XTAL2: System clock input, f = 15.36 MHz (Tx clock synchronous to system clock) 
CLS: Clock output, 7.68 MHz 
ome Sas-THOMSON 
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Figure 5: Repeater Block Diagram. 


To line - NT side To line - LT side 
A-wire A-wire 


HYBRID HYBRID 


15 36MHz 


PHASE 
VCO COMPARATOR 
15 36MHz AND LOOP 
FILTER(*) 


PLL circuit 


D94TLO99 


(*)1st order loop filter is sufficient (3dB frequency at 100Hz approx )} 
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DIGITAL INTERFACE 


UIC is provided with a digital serial interface, 
named V*, which operates in two modes. 


In Fig. 6 the frame format for both modes is 
shown. 


The base frame consists of: 
Bi : 64 kbit/s transparent data channel 
B2 : 64 kbit/s transparent data channel 
B2* : Monitor channel 
Bi* : 8 bits so set 


D1i/D2 : 16 kbit/s D channel 
A1..A4 : Command/Indicate channel 
T : Transparent service channel 
E : Extension bit 


In Fig. 7 and 8 the timings in Continuous and in 


Figure 6: V* Frame Format. 


2.048 MBit /s 


Burst mode are given. 


B2* available messages (do not use in REPETER 
modes): 


| Function 
H 
FO-FF)H 


In Fig. 7 and 8 the timings in Continuous and in 
Burst mode are given. 


BURST MODE 


Figure 7: Continuous Mode. 


DIN: 256 KBs 


OOUT: 256 KBIvs 
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Figure 8: Burst Mode. 


LINE FRAME STRUCTURE. uses the frame structure here below. The length 


: ; ; f one frame correspon 1 
The information flow across the subscriber line Being traneriiicd ean se 20 ternary symbols 


1 2 3 4 S) 6 Ul 8 9 10 11 12 
Z 
T 

Se OE 


14 swt 


24 
36 
48 
60 LT > NT 
72 
84 
96 
108 
120 


1 2 3 4 5 6 7 8 9 19 11 12 
i 
ree SsW2 


8 


24 
36 
48 
60 NT = LT 
72 
84 
96 
108 
120 


Agenda 
cil Peerage T8 B+B+D - Data (ternary) 
Mi, M2 Service Data (ternary) 
SW1, SW2 Synchronizing Word 
Lj SGS-THOMSON — 
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Maintenance and service channel. transmit messages from NT to LT) 


The ternary symbols Mi and M2 represent non- 
scrambled data that can be transmitted at a rate Encoding. 


of 1 kBaud. Those symbols are used for various The encoding of a binary bit stream is made such 


PUTPOSes- that 4 binary bits correspond to 3 symbols of ter- 
- Maintenance Channel (control test loops nary symbol stream. The encoding follows the 
(LT - NT) and frame errors (LT > NT) rules of modified monitoring state 43 (MMS43). 


- Service channel (transparent user data and 


COMMAND / INDICATE CHANNEL (A bits) 
Command/Indicate codes are define depending on the mode selected (LT or NT). 


NT mode COMMANDS (DIN) 


Activate. 
Layer 1 is activated at the UKO interface starting with a ’wake-up’ signal INFO 
U1W, followed by INFO U1A during synchronization and closed by INFO U1 
when synch is gained. 
Awake. 
Set the module interface from the power-down to the power-up state. No signal 
is emitted at UKO interface. Even DIN pin pulled LOW can have the same effect. 
Deactivation confirmation. 
The module interface is deactivated. The transmitter is disabled but the receiver 
is still enabled to recognize an awake signal. THe UIC is set in power down 
state. 


1101 Reset. 
Reset the UIC to the initial state. 
1100 Synchronize. 
Drive the UIC in connect through from module interface to line interface. 


Remark: Executing the command RES (1101) is functionally equivalent to pulling the RESETN pin (6 
LOW, with one exception: 


a) RES command set pin DISS to HIGH (+5V) 
b) pulling RESETN LOW set pin DISS to LOW (OV). 


NT mode INDICATION (DOUT) 


ACT 1000 Activate. 
The synchronous state of the receiver is reached. 


DC 1111 Deactivation confirmation. 
The transmitter is disabled but the receiver remains enabled to detect awake 
signals at UKO UIC is set in power down state. 


DEAC 0000 Deactivate. 
A request to deactivate INFO U0 has been detected. 
1100 Connection Through. 
The UIC is fully activated. 
CTL2 1110 Connection through with loop 2. 
A loop 2 command has been detected at UKO. 
1010 Loop 2. 
Synchronization has been reached during a Loop 2 activation procedure. 
RSYN 0100 Resynchronization. 
The receiver has lost framing and is attempting to resynchronize. 
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LT mode COMMANDS (DIN) 


ACT 1000 Activate. 
UIC is set in power-up state, executing the complete activation of Layer 1. The 
transparent channel transmission is enabled. 


Analog Loop. 
The analog transmitter output is looped back to the receiver input which is 
disconnected from UKO interface. A pseudo wake-up procedure is executed. 


L2 1010 Loop 2. 
Command to close Loop 2 in NT. 


AL 1001 


STU2071 


LTD 0011 Line Transmission Disabled. 
UIC stops transmitting signals on the line and is powered down. 
DEAC 0000 Deactivate. 
Request to deactivate UKO. 
' RES 1101 Reset. 
Reset the UIC to the initial state. 
SSP 0101 Send Single Pulse. 
The UIC transmits single pulse at 1 ms time intervals with alternate polarity. 


Ot Repeter loop 


LT mode INDICATION (DOUT) 


ACT 1000 Activation running. 
UIC is powered-up 


Running Digital Sum. 
aa 1 aoa during activation 


Lee 


and the activation procedure is running. 


procedure. The receiver has reached synchronization. 


1100 Connection Through. 
Layer 1 activation procedure has been completed. B and D channels are 
transparently connected. 
DEAC 0001 Deactivation running. 
UIC is deactivating in response of a DEAC, RES or LTD command. 


DC 1111 Deactivation confirmation. 
UIC has completed the deactivation procedure. 
RSYN 0100 Resynchronization. 
The receiver has lost framing and is attempting to resynchronize. 


High Impedance. 


= = 


POWER DOWN STATE 


Power consumption of most functions is reduced; 
module interface is not active; C/l messages can- 
not be exchanged. 


ACTIVATION DEACTIVATION 


The ACTIVATION procedure consists of three 
steps: AWAKE, SYNCHRONIZE and CONNECT 
THROUGH. 


Activation times are (max): 
COLDSTART 1 sec 
WARMSTART 170 msec 


The DEACTIVATION procedure consists of two 
steps: line DEACTIVATION and POWER DOWN. 


Deactivation time is (typ) 4 ms. 


When pin PFOFF is HIGH indication HI is output and UIC starts transmitting 
INFO UO. Normally used to indicate that remote feeding has been switched off. 


OSCILLATOR 


Oscillators of 15.86 MHz are required. When in 
NT a tollerances of +/-30 ppm is allowed, it is ad- 
visable to use in LT a tollerances of +/-20 ppm. 


LINE RANGE 


The LINE RANGE depends on the cable section. 
Typically: 


up to 4.2Km with 0.4mm cable 
- 5.5Km - 0.5mm - 
- 8.0Km - 0.6mm - 


Assumed noise level for such performances is 
10uV/SQRT (Hz) on a 200KHz bandwidth. 


LT CLOCK JITTER 


The phase jitter between Master Clock 
(15.36MHz) and interface clock (4.096MHz) 
should not exceed 50ns. 
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ELECTRICAL CHARACTERISTICS 
Supply Voltages: 
DVDD =5V +/-5% 
AVDD =5V_ +4/-5% 
AGND = 2.5V +/- 5% (max curr 0.25mA) 
Power consumption 
Active = max 280mW (line loaded at 150Ohm) 


Power down = Typ. 30mW 
= Max. 50mW 


DIGITAL INTERFACE STATIC CHARACTERISTICS 


Test Condition | Min. | Typ. | Max. | Unit _| 
High Level Input Voltage acai mane pees | 2s (ee ee 
Low Level Input Voltage ee eee ee a i ll ed 
Vout High Level Output Voltage all lon1 = 0.4mA Vpp- V 
outputs except DOUT 0.66 
VoHe2 High Level Output Voltage R to DVpp 4 V 
DOUT, (Open Drain R = 1KQ 


Vou Low Level Output Voltage all lor: = 0.4mA 0.33 V 
outputs except DOUT 
VoL2 Low Level Output Voltage loti = 0.7MA 0.4 V 
DOUT, (Open Drain 
Cin Inputs Capacitance, all inputs 10 pF 
at DOUT if output is off 10 DF 
Cout Load Capacitance at all outputs 25 pF 
except at DOUT 
loadCapacitanceatDouT_— | St 850 |p 
| iw | Input Leakage Current ry ieee ee 


eee scs-THOMSON 
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DIGITAL INTERFACE DYNAMIC CHARACTERISTICS 
Burst mode. 


| Conditions | | 
Parameter - | Bte DvP tin. I Hae 


Rise Time tr FR, CL 1.0V 3.5V Pr — 
Fall Time tf FR, ai 3. au 1 oy 10 30 


Setup Time ts 
Setup Time ts 
Setup Time ts 
Setup Time ts 


Hold Time th 
Hold Time th 
Hold Time th 
Hold Time th MPF 


Delay Time td DOUT CL, i- DOUT +/- 50 150 
Delay Time td DOUT CL,i- DOUT +/— 150 200 
Clock Width tc CL, i CL +/- CL +/- 239 249 
Clock Width tc CL, i CL +/— CL —/+ 100 144 


+ = rising edge 
— = falling edge 


DIN, MPF 


«-tdmin-> 


4 V 
DouT 
0.4 V 
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DIGITAL INTERFACE DYNAMIC CHARACTERISTICS (continued) 


Continuous mode. 
Port 


Parameter R to DVDD 
Rise Time tr FR, CL, i 3.5V 
Fall Time tf FR, CL, i 1.0V 
Rise Time tr FR, CL, o 90% 
Fall Time tf FR, CL, o 10% 
10 


10 

10 

25 

25 
Setup Time ts CL, i+ 
Setup Time ts CL,i+ 
FR, i+ 
DIN +/— 
DIN +/— 

DOUT +/- 25 

25 

25 

25 

25 


Delay Time td 
Hold Time th 
Hold Time th 
Delay Time td 


Setup Time ts DIN +/—1 
Setup Time th CL, o- 
Delay Time td CL.o+ 
Delay Time td CL,o+ 


Clock Width tc 
Clock Width tp 
Pulse Width tp 
Pulse Width tp 


+ = rising edge 
.— = falling edge 


CL.o 


omitn 7 e 


o 


DOUT 


DOUT oY 
0.4V 
Mie sGs-THOMSON 
4 MICROELECTROMICS 


434 


STU2071 


DIGITAL INTERFACE DYNAMIC CHARACTERISTICS (continued) 
Master clock. 


| Conditions | | 
Parameter Ming | Max. 
a 


Rise Time tr XTAL2 1.0V 3.5V 10 15 
Fall Time tf XTAL2 3.5V 1.0V 10 15 
Rise Time tr CLS 10% 90% 
Fall Time tf CLS 90% 10% = 
Pulse Width | cis, | CLS HH cis-/+_ | 25 | 


+ = rising edge 
— = falling edge 


Setup Time ts DIN, FR, i +/- ; CL, i+ 

Hold Time th CL,i+ DIN, FR, i +/— 
Delay min. td CL,i+CL,i- DOUT +/— 
Delay max. td CL,i+CL,i- DOUT +/— 


Delay min. td CL, i+ 2.5V FR, i+ 3.5V 
(negative) 
Delay max. td CL,i+ 2.5V FR,i+ 


Setup Time ts E ; 2.5V 


Hold Time ts : 2.5V 

Delay max. td ; 4/0.4V 
Delay min. td ; : , 0.33V 
(negative) 

Delay max. td ' ; VDD - 0.66V 


Pulse Width tp CL, 0 +/— 2.5V CL, 0 —/+ 2.5V 
Clock Width tc CL, 0 +/— 2.5V CL, 0 +/- 2.5V 
Pulse Width tp CLS, MXCL +/— 2.5V CL, 0 -/+ 2.5V 
Clock Width tc CLS, MXCL +/— 2.5V CL, 0 +/— 2.5V 
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TS5071 


PROGRAMMABLE CODEC/FILTER 


» COMPLETE CODEC AND FILTER SYSTEM 
INCLUDING : 


— TRANSMIT AND RECEIVE PCM CHANNEL 
FILTERS 
— -LAW OR A-LAW COMPANDING CODER 
AND DECODER 
—~ RECEIVE POWER AMPLIFIER DRIVES 
300 .Q 
— 4.096 MHz SERIAL PCM DATA (max) 
s PROGRAMMABLE FUNCTIONS : 
— TRANSMIT GAIN : 25.4 dB RANGE, 0.1 dB 
STEPS 
— RECEIVE GAIN : 25.4 dB RANGE, 0.1 dB 
STEPS 
—~ HYBRID BALANCE CANCELLATION FIL- 
TER 
— TIME-SSLOT ASSIGNMENT: UP TO 64 
SLOTS/FRAME 
— 2 PORT ASSIGNMENT (TS5070) 
— 6 INTERFACE LATCHES (TS5070) 
—~ AOR p-LAW 
~ ANALOG LOOPBACK 
— DIGITAL LOOPBACK 
» DIRECT INTERFACE TO SOLID-STATE 
SLICs 
» SIMPLIFIES TRANSFORMER SLIC, SINGLE 
WINDING SECONDARY 
STANDARD SERIAL CONTROL INTERFACE 
80 mW OPERATING POWER (typ) 
1.5mW STANDBY POWER (typ) 
MEETS OR EXCEEDS ALL CCITT AND 
LSSGR SPECIFICATIONS 


a TTL AND CMOS COMPATIBLE DIGITAL IN- 
TERFACES 


DESCRIPTION 


The TS5070 series are the second generation com- 
bined PCM CODEC and Filter devices optimized 
for digital switching applications on subscriber and 
trunk line cards. 


Using advanced switched capacitor techniques the 
TS5070 and TS5071 combine transmit bandpass 
and receive lowpass channel filters with a com- 
panding PCM encoder and decoder. The devices 
are A-law and u-law selectable and employ a con- 
ventional serial PCM interface capable of being 
clocked up to 4.096 MHz. Anumber of programma- 
ble functions may be controlled via a serial control 
port. 


September 1994 


COMBO 2ND GENERATION 


DIP20 (Plastic) 
ORDERING NUMBER:TS5071N 


A 


ORDERING NUMBER: TS5070FN 


Channel gains are programmable over a 25.4 dB 
range in each direction, and a programmable filter 
is included to enable Hybrid Balancing to be ad- 
justed to suit a wide range of loop impedance con- 
ditions. 


Both transformer and active SLIC interface circuits 
with real or complex termination impedances can 
be balanced by this filter, with cancellation in ex- 
cess of 30 dB being readily achievable when meas- 
ured across the passband against standard test ter- 
mination networks. 


To enable COMBO IIG to interface to the SLIC con- 
trol leads, a number of programmable latches are 
included ; each may be configured as either an in- 
put or an output. The TS5070 provides 6 latches 
and the TS5071 5 latches. 
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TS5070 PIN FUNCTIONALITY (PLCC28) 
| No | Name [oo Function 


Ground Input (+0V) 

Analog Output 

Supply Input (-5V) 

Not Connected 

Not Connected 

Digital Input or Output defined by LDR register content 
Digital Input or Output defined by LDR register content 
Digital input 

Digital input sampled by BCLK falling edge 

Digital input sampled by BCLK falling edge 

Digital output (shifted out on CCLK rising edge) 
Digital input (sampled on CCLK falling edge) 

Digital input (clock) 

Digital input (chip select for Cl/CO) 

Digital Input 

Digital input (clock) 

Digital input 

Digital output clocked by BCLK rising edge 

Digital output clocked by BCLK rising edge 

Open drain output (pulled low by active DXO time slot) 
Open drain output (pulled low by active DX1 time slot) 
Digital input 

Digital input or output defined by LDR register content 
Digital input or output defined by LDR register content 
Digital input or output defined by LDR register content 
Digital input or output defined by LDR register content 
Supply input (+5V) 

Analog input 


AOOCONODOAWND = 


HYBRID 


| BALANCE 
PIETER TIME-SLOT 
ASSIGNMENT 


HYBAL 3 


@ 
ar 
@ 


INTERFACE LATCH DIR CONTROL ae 


| LATCHES LATCH CONT. INTERFACE 0) 
O 


O94TL195 
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BLOCK DIAGRAM 


HYBRID 
BALANCE 
FILTER 


REGISTER 
r— f Cc] 


H88TS5870-91A 


conTmoL }— 


ABSOLUTE MAXIMUM RATINGS 


| Symbol | Parameter | Value | Unit | 
| Voc 
Veg to GND r= a ee 
| | Voltage at VEX! Voc + 0.5 to Vsg — 0.5 
Voltage at Any Digital Input Voc + 0.5 to GND — 0.5 


Vcc__| Voc to GND 


m 
Current at Any Digital Output 
Tstg Storage Temperature Range —65, + 150 eS 
Tlead Lead Temperature Range (soldering, 10 seconds) 


Current at VFRO 100. ma 
To _| 


7 
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PIN CONNECTIONS 


PLCC28 
TS5070FN 


oO 
Yr Oo U 
u Z es) 
> Oo => 
ey = 
2 1 


27 


17 18 
= 
x 
I 
O 
= 


N8ETSSE7E-B2 


POWER SUPPLY, CLOCK 


Positive Power 
Supply 
Negative 
Power Supply 
Ground 


Bit Clock 


Master Clock 
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UFXI 
Note 

1L8 

114 

114 

FSX 

TSX 

DXa 
BCLK/MCLK 
MR 


4 
2 
3 
4 
5 
6 
? 
8 
35 
4 


MN88ETSSE7I-82 


+5Vt5% 
—-5V+5% 


All analog and digital signals are referenced to this pin. 


Bit clock input used to shift PCM data into and out of the 
Dr and Dx pins. BCLK may vary from 64 kHz to 4.096 
MHz in 8 kHz increments, and must be synchronous with 
MCLK (TS5071 only). 


Master clock input used by the switched capacitor filters 
and the encoder and decoder sequencing logic. Must be 
512 kHz, 1. 536/1. 544 MHz, 

2.048 MHz or 4.096 MHz and synchronous with BCLK. 
BCLK and MCLK are wired together in the TS5071. 
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TRANSMIT SECTION 


TS5070 | TS5071 
SS | 


Transmit Normally a pulse or squarewave waveform with an 8 kHz 
Frame Sync. repetition rate is applied to this input to define the start of 
the transmit time-slot assigned to this device (non-delayed 
data mode) or the start of the transmit frame (delayed 
data mode using the internal time-slot assignment 
counter). 


Transmit 
Analog 


This is a high-impedance input. Voice frequency signals 
present on this input are encoded as an A-law or pt—law 
PCM bit stream and shifted out on the selected Dx pin. 


Dx0 18 13 Transmit Data 


Dx1 is available on the TS5070 only, Dx0 is available on 
all devices. These transmit data TRI-STATE® outputs 
remain in the high impedance state except during the 
assigned transmit time—slot on the assigned port, during 
which the transmit PCM data byte is shifted out on the 
rising edges of BCLK. 


Transmit 
Time—slot 


TSx1 is available on the TS5070 only. 

TS x0 is available on all devices. Normally these opendrain 
outputs are floating in a high impedance state except 
when a time—slot_is active on one of the Dx outputs, when 
the apppropriate TS x output pulls low to 

enable a backplane line—driver. Should be strapped to 
ground (GND) when not used. 


RECEIVE SECTION 


Receive Frame | Normally a pulse or squarewave waveform with an 8 kHz 

Sync. repetition rate is applied to this input to define the start of 
the receive time—slot assigned to this device (non-delayed 
frame mode) or the start of the receive frame (delayed 
frame mode using the internal time-slot assignment 
counter. 


Receive Analog | The receive analog power amplifier output, capable of 
driving load impedances as low as 300 2 (depending on 
the peak overload level required). PCM data received on 
the assigned Dr pin is decoded and appears at this output 
as voice frequency signals. 


Receive Data Dri is available on the TS5070 only, Drd is available on 
all devices. These receive data input(s) are inactive 
except during the assigned receive time—slot of the 
assigned port when the receive PCM data is shifted in on 
the falling edges of BCLK. 
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INTERFACE, CONTROL, RESET 


Pin TS5070 | TS5071 
ee eee 


Interface 
Latches 


Control Clock 


Control Data 
Input/output 


Control Data 
Input 

Control Data 
Output 


Chip Select 


Master Reset 


FUNCTIONAL DESCRIPTION 
POWER-ON INITIALIZATION 


When power is first applied, power-on reset cir- 
cuitry initializes COMBO IIG and puts it into the 
power-down state. The gain control registers for 
the transmit and receive gain sections are pro- 
grammed for no output, the hybrid balance circuit 
is turned off, the power amp is disabled and the 
device is in the non-delayed timing mode. The 
Latch Direction Register (LDR) is pre-set with all 
IL pins programmed as inputs, placing the SLIC 
interface pins in a high impedance state. The 
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IL5 through ILO are available on the TS5070, 

IL4 through ILO are available on the TS5071. 

Each interface Latch I/O pin may be individually 
programmed as an input or an output determined by the 
state of the corresponding bit in the Latch Direction 
Register (LDR) . For pins configured as inputs, the logic 
state sensed on each input is latched into the interface 
Latch Register (ILR) whenever control data is written to 
COMBO IIG, while CS is low, and the information is 
shifted out on the CO (or Cl/O) pin. When configured as 
outputs, control data written into the ILR appears at the 
corresponding IL pins. 


This clock shifts serial control information into or out of Cl 
or CO (or CI/O) when the CS input is low depending on 
the current instruction. CCLK may be asynchronous with 
the other system clocks. 


This is Control Data I/O pin wich is provided on the 
TS5071. Serial control information is shifted into or out of 
COMBO IIG on this pin when CS is low. The direction of 
the data is determined by the current instruction as defined 
in Table 1. 


These are separate controls, availables only on the 
TS5070. They can be wired together if required. 


When this pins is low, control information can be written to 
or read from the COMBO IIG via the Cl and CO pins (or 
CI/O). 


This logic input must be pulled low for normal operation of 
COMBO IIG. When pulled momentarily high, all 
programmable registers in the device are reset to the 
states specified under "Power-on Initialization”. 


CI/O pin is set as an input ready for the first con- 
trol byte of the initialization sequence. Other initial 
states in the Control Register are indicated in Ta- 
ble 2. 


A reset to these same initial conditions may also be 
forced by driving the MR pin momentarily high. This 
may be done either when powered-up or down. For 
normal operation this pin must be pulled low. If not 
used, MR should be hard-wired to ground. 


The desired modes for all programmable functions 
may be initialized via the contro! port prior to a 
Power-up command. 


i SGS-THOMSON 
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POWER-DOWN STATE 


Following a period of activity in the powered-up 
state the power-down state may be re-entered by 
writing any of the control instructions into the serial 
control port with the "P" bit set to "1" It is recom- 
mended that the chip be powered down before writ- 
ing any additional instructions. In the power-down 
state, all non-essential circuitry is de-activated and 
the DxO and Dx1 outputs are in the high impedance 
TRI-STATE condition. 


The coefficients stored in the Hybrid Balance circuit 
and the Gain Control registers, the data in the LDR 
and ILR, and all control bits remain unchanged in 
the power-down state unless changed by writing 
new data via the serial control port, which remains 
operational. The outputs of the Interface Latches 
also remain active, maintaining the ability to moni- 
tor and control a SLIC. 


TRANSMIT FILTER AND ENCODER 


The Transmit section input, VF xl, is a high imped- 
ance summing input which is used as the differenc- 
ing point for the internal hybrid balance cancellation 
signak No external components are needed to set 
the gain. Following this circuit is a programmable 
gain/attenuation amplifier which is controlled by the 
contents of the Transmit Gain Register (see Pro- 
grammable Functions section). An active prefilter 
then precedes the 3rd order high-pass and 5th or- 
der low-pass switched capacitor filters. The A/D 
converter has a compressing characteristic accord- 
ing to the standard CCITT A or 1255 coding laws, 
which must be selected by a control instruction dur- 
ing initialization (see table 1 and 2). A precision on- 
chip voltage reference ensures accurate and highly 
stable transmission levels. Any offset voltage aris- 
ing in the gain-set amplifier, the filters or the com- 
parator is cancelled by an internal auto-zero circuit. 


Each encode cycle begins immediately following 
the assigned Transmit time-slot. The total signal 
delay referenced to the start of the time-slot is ap- 
proximately 165 us (due to the Transmit Filter) 
plus 125 us (due to encoding delay), which totals 
290 us. Data is shifted out on Dx0 or Dx1 during 
the selected time slot on eight rising edges of 
BCLK. 


DECODER AND RECEIVE FILTER 


PCM data is shifted into the Decoder’s Receive 
PCM Register via the DRO or Dri pin during the se- 
lected time-slot on the 8 falling edges of BCLK. The 
Decoder consists of an expanding DAC with either 
A or 1255 law decoding characteristic, which is se- 
lected by the same control instruction used to select 
the Encode law during initialization. Following the 
Decoder is a 5th order low-pass switched capacitor 
filter with integral Sin x/x correction for the 8 kHz 
sample and hold. A programmable gain amplifier, 
which must be set by writing to the Receive Gain 
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Register, is included, and finally a Post-Filter/Power 
Amplifier capable of driving a 300 Q load to + 3.5 
V,a600 Q load to + 3.8 V or 15 kQ load to+ 4.0 V 
at peak overload. 


A decode cycle begins immediately after each re- 
ceive time-slot, and 10 us later the Decoder DAC 
output is updated. The total signal delay is 10 us 
plus 120 us (filter delay) plus 62.5 us (1/2 frame) 
which gives approximately 190 us. 


PCM INTERFACE 


The FSx and FSr frame sync inputs determine the 
beginning of the 8-bit transmit and receive time- 
slots respectively. They may have any duration 
from a single cycle of BCLK to one MCLK period 
LOW. Two different relationships may be estab- 
lished between the frame sync inputs and the actual 
time-slots on the PCM busses by setting bit 3 in the 
Control Register (see table 2). Non delayed data 
mode is similar to long-frame timing on the 
ETC5050/60 series of devices : time-slots being 
nominally coincident with the rising edge of the ap- 
propriate FS input. The alternative is to use De- 
layed Data mode which is similar to short-frame 
sync timing, in which each FS input must be high 
a least a half-cycle of BCLK earlier than the time- 
slot. 


The Time-Slot Assignment circuit on the device can 
only be used with Delayed Data timing. When using 
Time-Slot Assignment, the beginning of the first 
time-slot in a frame is identified by the appropriate 
FS input. The actual transmit and receive time-slots 
are then determined by the internal Time-Slot As- 
signment counters. Transmit and Receive frames 
and time-slots may be skewed from each other by 
any number of BCLK cycles. 


During each assigned transmit time-slot, the se- 
lected Dx0/1 output shifts data out from the PCM 
register on the rising edges of BCOLK. TS x0 (or 
TSx1 as appropriate) also pulls low for the first 7 
1/2 bit times of the time-slot to control the TRI- 
STATE Enable of a backplane line driver. Serial 
PCM data ts shifted into the selected DRO/1 input 
during each assigned Receive time slot on the 
falling edges of BCLK. DxO or Dx1 and DrO or 
Dri are selectable on the TS5070 only. 


SERIAL CONTROL PORT 


Control information and data are written into or 
readback from COMBO IIG via the serial control 
port consisting of the control clock CCLK ; the serial 
data input/output Cl/O (or separate input Cl, and 
output CO on the TS5070 only) ; and the Chip Se- 
lect input CS. All control instructions require 2 
bytes, as listed in table 1, with the exception of a sin- 
gle byte power-up/down command. The byte 1 bits 
are used as follows: bit 7 specifies power-up or 
power-down; bits 6, 5, 4 and 3 specify the register 
address; bit 2 specifies whether the instructions is 
read or write; bit 1 specifies a one or two byte in- 
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struction; and bit 0 is not used. To shift control data 
into COMBO _IIG, CCLK must be pulsed high 8 
times while CS is low. Data on the Cl or Cl/O input 
is shifted into the serial input register on the falling 
edge of each CCLK pulse. After all data is shifted 
in, the contents of the input shift register are de- 
coded, and may indicate that a 2nd byte of control 
data will follow. This second byte may either be de- 
fined by a second byte-wide CS pulse or may follow 
the first continuously, i.e. itis not mandatory for CS 
to return high in between the first and second con- 
trol bytes. On the falling edge of the 8"" CCLK clock 
pulse in the 2nd control byte the data is loaded into 
the appropriate programmable register. CS may re- 
main low continuously when programming succes- 


Table 1: Programmable Register Instructions 


Write Control Register 
Read—back Control Register 


Write Latch Direction Register (LDR) 
Read Latch Direction Register 


Write Latch Content Register (ILR) 
Read Latch Content Register 


Write Transmit Time—slot/port 
Read—back Transmit Time—slot/port 


Read Hybrid Balance Register # 3 


B 
Function wet 
7 3 


6 5 4 2 

Single Byte Power-up/d6wn p_X xX XX Xx 
0 0 0 
0 0 1 


1 
X 0 
P O 0 1 See Table 2 
P QO 0 1 See Table 2 
P 0 | 
0 | 
1 
1 


0 
X 
X 
X 
0 X 
0 X 
P 0 0 1 0 X See Table 5 
P 0O O O 1 1 X See Table 5 
P 1 0 1 0 0 14 X See Table 6 
P 10 141 0 14 #4 =X See Table 6 
Write Receive Time—slot/port Pe ar 0 9Ge" Is sO" Ti Xx See Table 6 
Read-—back Receive Time-slot/port P 1 0 0 34 14 +4 =X See Table 6 
Write Transmit Gain Register P 0 1 0 1 0 1 =X See Table 7 
Read Transmit Gain Register P O 1 0 141 14 +1 =X See Table 7 
Write Receive Gain Register P 0O 1 0 0 0 1 X See Table 8 
Read Receive Gain Register P 0 1 0 0 14 14 X See Table 8 
Write Hybrid Balance Register + 1 P O 41 1 0 0 414 =X See Table 9 
Read Hybnd Balance Register # 1 Pe OF 2-0. 4 a) See Table 9 
Write Hybrid Balance Register # 2 P O 41 1 14 0 4 X See Table 10 
Read Hybrid Balance Register # 2 Be Oot OT od DX See Table 10 
1 xX 
1 xX 


Write Hybrid Balance Register # 3 Pe ti 30. 30 
Pot 0: 0 


sive registers, if desired. However CS shouldbe set 
high when no data transfers are in progress. 


To readback interface Latch data or status informa- 
tion from COMBO IIG, the first byte of the appropri- 
ate instruction is strobed in during the first CS pulse, 
as defined in table 1. CS must then be taken low for 
a further 8 CCLK cycles, during which the data is 
shifted onto the CO or CI/O pin on the rising edges 
of CCLK. When CS is high the CO or CI/O pin is in 
the high-impedance TRI-STATE, enabling the Cl/O 
pins of many devices to be multiplexed together. 
Thus, to summarize, 2-byte READ and WRITE in- 
structions may use either two 8-bit wide CS pulses 
or asingle 16-bit wide CS pulse. 


Byte 2 


See Table 4 


See Table 4 ~ 


Notes: 1. Bit 7 of bytes 1 and 2 is always the first bit clocked into or out of the Cl, CO or CI/CO pin. 
2."P" is the power-up/down control bit, see "Power-up" section ("0" = Power Up "1" = Power Down). 


PROGRAMMABLE FUNCTIONS 
POWER-UP/DOWN CONTROL 


Following power-on initialization, power-up and 
power-down control may be accomplished by 
writing any of the control instructions listed in ta- 
ble 1 into COMBO IIG with the "P" bit set to "0" 
for power-up or "1" for power-down. Normally it is 
recommended that all programmable functions be 
initially programmed while the device is powered 
down. Power state control can then be included 
with the last programming instruction or the sepa- 


rate single-byte instruction. Any of the program- 
mable registers may also be modified while the 
device is powered-up or down be setting the "P" 
bit as indicated. When the power up or down con- 
trol is entered as a single byte instruction, bit one 
(1) must be set to a 0. 


When a power-up command is given, all de-acti- 
vated circuits are activated, but the TRI-STATE 
PCM output(s), DxO (and Dx1), will remain in the 
high impedance state until the second FS x pulse 
after power-up. 
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CONTROL REGISTER INSTRUCTION 


The first byte of a READ or WRITE instruction to 
the Control Register is as shown in table 1. The 
second byte functions are detailed in table 2. 


MASTER CLOCK FREQUENCY SELECTION 


A Master clock must be provided to COMBO IIG 
for operation of the filter and coding/decoding 
functions. The MCLK frequency must be either 
512 kHz, 1.536 MHz, 1.544 MHz, 2.048 MHz, or 
4.096 MHz and must be synchronous with BCLK. 
Bits F1 and FO (see table 2) must be set during 
initialization to select the correct internal divider. 


CODING LAW SELECTION 


Bits "MA" and "IA" in table 2 permit the selection 
of 255 coding or A-law coding with or without 
even-bit inversion. 


Table 2: Control Register Byte 2 Functions 


Bit Number 


(*) State at power-on initialization (bit 4 = 0) 


Table 3: Coding Law Conventions. 


m255 Law 
MSB LSB 


True A-law with 
even bit inversion 


ANALOG LOOPBACK 


Analog Loopback mode is entered by setting the 
"AL" and "DL" bits in the Control Register as shown 
in table 2. In the analog loopback mode, the Trans- 
mit input VFxI is isolated from the input pin and in- 
ternally connected to the VFRO output, forming a 
loop from the Receive PCM Register back to the 
Transmit PCM Register. The VFRO pin remains ac- 
tive, and the programmed settings of the Transmit 
and Receive gains remain unchanged, thus care 
must be taken to ensure that overload levels are 
not exceeded anywhere in the loop. 


Hybrid balancing must be disabled for meaning 
ful analog loopback Function. 


DIGITAL LOOPBACK 


Digital Loopback mode is entered by setting the 
"DL" bit in the Control Register as shown in table 2. 


MCLK = 512 kHz 

MCLK = 1. 536 or 1. 544 MHz 
MCLK = 2. 048 MHz 

MCLK = 4. 096 MHz 


Select p. 255 Law ; 


A-law, Including Even Bit Inversion 
A-Law, No Even Bit Inversion 
Delayed Data Timing 


* 
« . 


Non-—delayed Data Timing 


Normal Operation ; 

Digital Loopback 

Analog Loopback 

Power Amp Enabled in PDN . 


Power Amp Disabled in PDN 


A-law without 
even bit inversion 
MSB LSB 


Note: The MSB !s always the first PCM bit shifted in or out of COMBO IIG. 


by S&s:THOMsON ee 


MICRCELECTROMICS 


445 


TS5070 - TS5071 


This mode provides another stage of path verifica- 
tion by enabling data written into the Receive PCM 
Register to be read back from that register in any 
Transmit time-slot at DxO or Dx1. 


For Analog Loopback as well as for Digital Loop- 
back PCM decoding continues and analog output 
appears at VFRO. The output can be disabled by 
pro gramming "No Output" in the Receive Gain 
Register (see table 8). 


INTERFACE LATCH DIRECTIONS 


Immediately following power-on, all Interface 
Latches assume they are inputs, and therefore all 
IL pins are in a high impedance state. Each IL pin 
may be individually programmed as a logic input or 
output by writing the appropriate instruction to the 
LDR, see table 1 and 4. Bits L5-Lo must be set by 
writing the specific instruction to the LDR with the 
L bits in the second byte set as specified in table 4. 
Unused interface latches should be programmed 
as outputs. For the TS5071, L5 should always be 
programmed as an output. 


Table 4: Byte 2 Function of Latch Direction Register 


7r[Tete][«[s[2 [io 


(*) State at power-on initilization. 
Note: L5 should be programmed as an output for the TS5071. 


INTERFACE LATCH STATES 


Interface Latches configured as outputs assume 
the state determined by the appropriate data bit in 
the 2-byte instruction written to the Latch Content 
Register (ILR) as shown in tables 1 and 5. 
Latches configured as inputs will sense the state 
applied by an external source, such as the Off- 
Hook detect output of a SLIC. All bits of the ILR, 
i.e. sensed inputs and the programmed state of 
outputs, can be read back in the 2nd byte of a 
READ from the ILR. It is recommended that, dur- 
ing initialization, the state of IL pins to be config- 
ured as outputs should first be programmed, fol- 
lowed immediately by the Latch Direction 
Register. 


Table 5: Interface Latch Data Bit Order 


Bit Number 


TIME-SLOT ASSIGNMENT 


COMBO IIG can operate in either fixed time-slot or 
time-slot assignment mode for selecting the Trans- 
mit and Receive PCM time-slots. Following power- 
on, the device is automatically in Non-Delayed Tim- 
ing mode, in which the time-slot always begins with 
the leading (rising) edge of frame sync inputs FSx 
and FSr. Time-Slot Assignment may only be used 
with Delayed Data timing : see figure 6. FSx and 
FSR may have any phase relationship with each 
other in BCLK period increments. 


Table 6: Byte 2 of Time-slot and Port Assignment Instructions 


Bit Number 


Notes: 

1. The "PS" bit MUST always be set to 0 for the TS5071. 
2. T5 is the MSB of the time-slot assignment. 

(*) State at power-on initialization 
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1 

PS 
Xx Xx Disable Dx Outputs (transmit instruction) * 
Disable Dr Inputs (receive instruction) * 


Assign One Binary Coded Time-slot from 0-63 


Assign One Binary Coded Time-slot from 0-63 


Assign One Binary Coded Time-slot from 0-63 
Assign One Binary Coded Time-slot from 0-63 


Enable Dx0 Output, Disable Dx1 Output 
(Transmit instruction) 

Enable DrO Input, Disable Dat Input 
(Receive Instruction) 


Enable Dx1 Output, Disable Dx0 Output 
(Transmit instruction) 

Enable Dai Input, Disable DRO Input 
(Receive Instruction) 


<7 SGS-THOMSON 
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Alternatively, the internal time-slot assignment 
counters and comparators can be used to access 
any time-slot in a frame, using the frame sync inputs 
as marker pulses for the beginning of transmit and 
receive time-slot 0. In this mode, a frame may con- 
sist of up to 64 time-slots of 8 bits each. A time-slot 
is assigned by a 2-byte instruction as shown in table 
1 and 6. The last 6 bits of the second byte indicate 
the selected time-slot from 0-63 using straight bi- 
nary notation. A new assignment becomes active 
on the second frame following the end of the Chip 
Select for the second control byte. The "EN" bit al- 
lows the PCM inputs DRO/1 or outputs Dx0/1 as ap- 
propriate, to be enabled or disabled. 


Time-Slot Assignment mode requires that the FSx 
and FSr pulses must conform to the delayed timing 
format shown in figure 6. 


PORT SELECTION 


On the TS5070 only, an additional capability is 
available : 2 Transmit serial PCM ports, DxO and 
Dx1, and 2 receive serial PCM ports, DRO and Dal, 
are provided to enable two-way space switching to 
be implemented. Port selections for transmit and 
receive are made within the appropriate time-slot 


Table 7: Byte 2 of Transmit Gain Instructions. 


Bit Number 


(*) State at power initialization 


RECEIVE GAIN INSTRUCTION BYTE 2 

The receive gain can be programmed in 0.1 dB 
steps by writing to the Receive Gain Register as de- 
fined in table 1 and 8. Note the following restriction 
on output drive capability : 

a) 0 dBm0O levels < 8.1dBm at VFRO may be 
driven into a load of = 15 kQ to GND, 


b) 0 dBmO levels < 7.6dBm at VFRO may be 
driven into a load of = 600 2 to GND, 


c) 0 dBm levels < 6.9dBm at VFRO may be driven 
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assignment instruction using the "PS" bit in the sec- 
ond byte. 


On the TS5071, only ports Dx0 and Dro are avail- 
able, therefore the "PS" bit MUST always be set to 
O for these devices. 


Table 6 shows the format for the second byte of 
both transmit and receive time-slot and port assign- 
ment instructions. 


TRANSMIT GAIN INSTRUCTION BYTE 2 


The transmit gain can be programmed in 0.1 dB 
steps by writing to the Transmit Gain Register as 
defined in tables 1 and 7. This corresponds to a 
range of 0 dBm0 levels at VFx! between 1.619 
Vrms and 0.087 Vrms (equivalent to + 6.4 dBm to 
— 19.0 dBm in 600 Q). 

To calculate the binary code for byte 2 of this in- 
struction for any desired input 0 dBm0 level in 
Vrms, take the nearest integer to the decimal 
number given by : 


200 X logio (V/Vé ) + 191 


and convert to the binary equivalent. Some exam- 
ples are given in table 7. 


0dBm0O Test Leve at VFyl 


In Vrms (approx.) 


0.087 
0.088 
0.775 


+6.3 1.60 
+6.4 1.62 


into a load of > 300 Q to GND. 


To calculate the binary code for byte 2 of this in- 
struction for any desired output 0 dBm0 level in 
Vrms, take the nearest integer to the decimal num- 
ber given by : 


a 200 X logio (V/V6 ) + 174 

n 

d convert to the binary equivalent. Some exam- 
ples are given in table 8. 
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Table 8: Byte 2 of Receive Gain Instructions. 


1 


1 1 1 1 1 1 


Notes: 
1. Maximum level into 300Q; 2. Maximum level into 600; 


HYBRID BALANCE FILTER 


The Hybrid Balance Filter on COMBO IIG is a 
programmable filter consisting of a second-order 
Bi-Quad section, Hybal1, followed by a first-order 
section, Hybal2, and a programmable attenuator. 
Either of the filter sections can be bypassed if 
only one is required to achieve good cancellation. 
A selectable 180 degree inverting stage is in- 
cluded to compensate for interface circuits which 
also invert the transmit input relative to the re- 
ceive output signal. The Bi-Quad is intended 
mainly to balance low frequency signals across a 
transformer SLIC, and the first order section to 
balance midrange to higher audio frequency sig- 
nals. The attenuator can be programmed to com- 
pensate for VFRO to VFxl echos in the range 
of -2.5to —8.5 dB. 


As a Bi-Quad, Hybal1 has a pair of low frequency 
zeroes and a pair of complex conjugate poles. 
When configuring the Bi-Quad, matching the 
phase of the hybrid at low to midband frequencies 
is most critical. Once the echo path is correctly 
balanced in phase, the magnitude of the cancella- 
tion signal can be corrected by the programmable 


Table 9: Hybrid Balance Register 1 Byte 2 Instruction. 


P7te|{sia{st2{1{o]  indsminto6ooa) | invems(approx.) | 
Re ee ee eee 


pitaftrtifototits|  +6a(moiey | am 
pata tr tata ftots to} +76 mote | 186 
1 


3. Ri 215KQ 


+ 8.1 (note 3) 1.07 


(*) State at power on initialization 
attenuator. 


The Bi-Quad mode of Hybal1 is most suitable for 
balancing interfaces with transformers having high 
inductance of 1.5 Henries or more. An alternative 
configuration for smaller transformers is available 
by converting Hybal1 to a simple first-order section 
with a single real low frequency pole and 0 Hz zero. 
In this mode, the pole/zero frequency may be pro- 
grammed. 


Many line interfaces can be adequately balanced 
by use of the Hybal1 section only, in which case 
the Hybal2 filter should be de-selected to bypass 
it. 

Hybal2, the higher frequency first-order section, is 
provided for balancing an electronic SLIC, and is 
also helpful with a transformer SLIC in providing 
additional phase correction for mid and high-band 
frequencies, typically 1 kHz to 3.4 kHz. Such a 
correction is particularly useful if the test balance 
impedance includes a capacitor of 100 nF or less, 
such as the loaded and non-loaded loop test net- 
works in the United States. Independent place- 
ment of the pole and zero location is provided. 


Disable Hybrid Balance Circuit Completely. 
No internal cancellation is provided. 


Enable Hybrid Balance Cancellation Path 


Phase of the internal cancellation signal assumes inverted phase of the echo 
path from VFRO to VFyl. 


Phase of the internal cancellation signal assumes no phase inversion in the line 


interface. 


Attenuation Adjustment for the Magnitude of the Cancellation Signal. Range is 


~ 2.5 dB (00000) to — 8.5 dB (11000) 


(") State at power on initialization 
Setting = Please refer to software TS5077 2 
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Figure 1 shows a simplified diagram of the local 
echo path for a typical application with a trans- 
former interface. The magnitude and phase of the 
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former and the impedance of the 2 W loop, ZL. If the 
impedance reflected back into the transformer pri- 
mary is expressed as Z,’ then the echo path trans- 
fer function from VFRO to VF xl is : 


local echo signal, measured at VF xl, are a function 


of the termination impedance Zr, the line trans- H(W) = 21’ /(Z1 + Z1’) (1) 


Figure 1: Simplified Diagram of Hybrid Balance Circuit 


TO TX 
of GAIN BLOCK 
HYBAL 4 
B1I-QUAD 
FILTER 


HYBAL 2 
HI-P/Z 
FILTER 


PROGRAMMING THE FILTER 


On initial power-up the Hybrid Balance filter is dis- 
abled. Before the hybrid balance filter can be pro- 
grammed it is necessary to design the transformer 
and termination impedance in order to meet system 
2 W input return loss specifications, which are nor- 
mally measured against a fixed test impedance 
(600 or 900 Q in most countries). Only then can the 
echo path be modeled and the hybrid balance filter 
programmed. Hybrid balancing is also measured 
against a fixed test impedance, specified by each 
national Telecom administration to provide ade- 
quate control of talker and listener echo over the 
majority of their network connections. This test im- 
pedance is Z1 in figure 1. The echo signal and the 
degree of transhybrid loss obtained by the pro- 
grammable filter must be measured from the PCM 
digital input DRO, to the PCM digital output Dx0, 
either by digital test signal analysis or by conversion 
back to analog by a PCM CODEC Filter. 


Three registers must be programmed in COMBO 
IIG to fully configure the Hybrid Balance Filter as 
follows : 


Register 1: select/de-select Hybrid Balance Filter; 
invert/non-invert cancellation signal; 
select/de-select Hybal2 filter section; 
attenuator setting. 


{ SGS-THOMSO 
SJ Miicnonlecnnoncs 


FROM RCV 
GAIN BLOCK 


MEET SSE7E-B4R 


Register2: select/de-select Hybal1 filter; 
set Hybal1 to Bi-Quad or 1st order; 
program pole and zero frequency. 


Table 10: Hybrid Balance Register 2 Byte 2 in- 
structions 


Bit Number 
T 6 5 4 3 2 1 =0 
0 0 0 0 0 0 0. 0O | By Pass Hybal 1 
Filter 


X XK X X X X X X11 Pole/zero Setting 


Register 3 : program pole frequency in Hybale filter; 
program zero frequency in Hybale filter; 
settings = Please refer to software 
TS5077-2. 


Standard filter design techniques may be used to 
model the echo path (see equation (1)) and design 
a matching hybrid balance filter configuration. Alter- 
natively, the frequency response of the echo path 
can be measured and the hybrid balance filter pro- 
grammed to replicate it. 


An Hybrid Balance filter design guide and soft- 
ware optimization program are available under li- 
cense from SGS-THOMSON Microelectronics (or- 
der TS5077-2). 
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APPLICATION INFORMATION 


Figure 2 shows a typical application of the TS5070 
together with a transformer SLIC. 


The design of the transformer is greatly simplified 
due to the on-chip hybrid balance cancellation filter. 
Only one single secondary winding is required (see 
application note AN.091 - Designing a subscriber 
line card module using the TS5070/COMBO IIG). 
Figures 3 and 4 show an arrangement with SGS- 
Thomson monolithic SLICS. 


POWER SUPPLIES 

While the pins of the TS5070 and TS5071/COMBO 
IIG devices are well protected against electrical 
misuse, it is recommended that the standard 
CMOS practice of applying GND to the device be- 


fore any other connections are made should always 
be followed. In applications where the printed circuit 
card may be plugged into a hot socket with power 
and clocks already present, an extra long ground 
pin on the connector should be used and a Schottky 
diode connected between Vss and GND. To mini- 
mize noise sources all ground connections to each 
device should meet at a common point as close as 
possible to the GND pin in order to prevent the in- 
teraction of ground return currents flowing through 
a common bus impedance. Power supply decou- 
pling capacitors of 0.1 uF should be connected from 
this common device ground point to Vcc and Vss 
as close to the device pins as possible. Vcc and Vss 
should also be decoupled with low effective series 
resis-tance capacitors of at least 10 uF located near 
the card edge connector. 
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ELECTRICAL OPERATING CHARACTERISTICS electrical testing at Ta = 25 °C. All other limits are 
assured by correlation with other production tests 


Unless otherwise noted, limits in BOLD characters ~~ and/or product design and characterisation. All sig- 


are guaranteed for Vcc = + 5 V5 % ; Vss= — 5 nals referenced to GND. Typicals specified at Vcc = 
V +5%.TA=0 C to 70 CC by correlation with 100% e6V Vaca 5 Tae nee pecit CC = 


DIGITAL INTERFACE 


Input Low Voltage All Digital Inputs (DC measurement 
Input High Voltage All Digital Inputs (DC measurement 


Output Low Voltage ___ 


Dx0 and Dx1, TSx0, TSx1 and CO, IL = 3.2mA 
All Other Digital Outputs, IL = 1mA 


| Symbol | 

Output High Voltage DXO and DX1 and CO, | = -3.2mA 
All other digital outputs except TSx, IL = -imA 

All Digital Outputs, IL = -100uA ; 
10 


Input High Current on MR 


Output Current in High Impedance State (TRI-STATE) 
DX0 and DX1, CO and CI/O (as an input) IL5-ILO as inputs 
(GND < Vo < Vcc) 


ANALOG INTERFACE 


[Symbol] Parameter | Min. | Typ. 
| Wvexi_| Input Current VFxI(3.3V<VFxl<33v) | to | tp 
| 390 


Input Resistance VFyl (-3.3V < VFxl <3.3V 


VOSx | Input offset voltage at VFxl 
OdBm0 = -19dBm 10 mV 
OdBm0 = +6.4dBm 200 mV 


RLvero | Load Resistance at VFRO 
0dBm0 = 8.1dBm 
OdBm0 = 7.6dBm 600 
OdBm0O = 6.9dBm 300 
CLvrro | Load Capacitance CLVFRO from VFRO to GND 


| 200 |p 
Output Resistance VFRO (steady zero PCM code applied to DRO or Ce ie | 
Dri) 
Vosr_ | Output Offset Voltage at VFRO (alternating +zero PCM code applied mV 
to DRO or Dai, OdBm0 = 8.1dBm) 


on 
DOs 
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ELECTRICAL OPERATING CHARACTERISTICS (continued) 
POWER DISSIPATION 


| Symbol. Parameter 


ICCO | Power Down Current (CCLK, CI/O, Cl = 0.4V, CS = 2.4V) 
Interface Latches set as Outputs with no load 
All over Inputs active, Power Amp Disabled 


-ISSO | Power Down Current (as above) 

ICC1 Power Up Current (CCLK, CI/O, Cl = 0.4V, CS = 2.4V) 
No Load on Power Amp 
Interface Latches set as Outputs with no Load 

-ISS1 | Power Up Current (as above) 

ICC2_ | Power Down Current with Power Amp Enabled 


-ISS2_ | Power Down Current with Power Amp Enabled 


sured by correlation with other production tests 
and/or product design and characterization. All sig- 
nals referenced to GND. Typicals specified at 
Voc =+5V, Vss= -5 V, Ta = 25 °C. All timing pa- 


TIMING SPECIFICATIONS 
Unless otherwise noted, limits in BOLD characters are 


guaranteed for Vcc =+5V+5%; Vss= -5V+5%. 
Ta =0 °C to 70 °C by correlation with 100 % elec- 
trical testing at Ta = 25 °C. All other limits are as- 


rameters are measured at Von = 2.0 V and Vo. = 0.7 V. 


See Definitions and Timing Conventions section 
for test methods information. 


MASTER CLOCK TIMING 


Frequency of MCLK 
(selection of frequency is programmable, see table 2) 


Rise Time of MCLK (measured from Vit or Vin) 


( 
Fall Time of MCLK (measured from Vin to Vit) 
Hold Time, BCLK Low to MCLK High (TS5070 only) 


Period of FSx or FSR Low (Measured from Vi. to Vit) 


(*) MCLK period 
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TIMING SPECIFICATIONS (continued) 
PCM INTERFACE TIMING 


Parameter 


fectk | Frequency of BCLK (may vary from 64KHz to 4.096MHz in 8KHz 
increments, TS5070 onl 


RB 
tFB 


toBp Delay Time, BCLK High to Data Valid (load = 100pF plus 2 LSTTL 
loads) 
toBz Delay Time from BCLK8 Low to Dx Disabled (if FSx already low); 
FSx Low to Dx Disabled (if BCLK8 low); 
BCLK9 High to Dx Disabled (if FSx still high) 5 


toBT Delay Time from BCLK and FSx Both High to TSx Low (Load = 100pF 
plus 2 LSTTL loads) 


Delay Time from BCLK8 low to TSx Disabled (if FSx already low); 
FSx Low to TSx Disabled (if BCLK8 low); 
BCLK9 High to TSx Disabled (if FSx still high); 


toFD Delay Time, FSx High to Data Valid (load = 100pF plus 2 LSTTL 
loads, applies if FSx rises later than BCLK rising edge in non- 


Setup Time, Dr 0/1 Valid to BCLK Low | 30 | | | ns | 
| tao | Hold Time, BCLKLowtoDRo/tinvaid = Cs| | | Ss 


tWUBH 


Pe, = 
ED OES GD OND GED CD; 


mya, 
tZBT 
/V 


tSO8 tHBD 
(1 2 X38 Kt KS XB OX? XK 8) 


NESTSSE7B-BBA 
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Figure 6: Delayed Data Timing (short frame mode) 


tspB tHAD 
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SERIAL CONTROL PORT TIMING 


| Symbol Parameter | Min. | Typ. | Max. | Unit _| 


Frequency of CCLK a ee 
Period of CCLK High (measured from Vin to Vin 460. |. - 

Period of CCLK Low (measured from Vi to Vit) | to [| | 

| tro _| Rise Time of CCLK (measured fromVitoV) | 5 

[tec | Fall Time of CCLK (measured from VintoVn) =| | 

| tics | Hold Time, CCLKLowtoCSLow(ccikt) | to | 

| tusc_| Hold Time, CCLK LowtoCS High(CCLK8) 100 


CL ae ee 
Setup Time, CS Transition to CCLK Low | 7 | | | 


tssco | Setup Time, CS Transition to CCLK High (to insure CO is not 
enabled for single byte) 
Setup Time, Cl (Cl/O) Data in to CCLK low | 50 | 
Hold Time, CCLK Low to Cl (CI/O) Invalid 


toco Delay Time, CCLK High to CO (CI/O) Data Out Valid 
(load = 100 pF plus 2 LSTTL loads) 


wn 


=) 
49) 


tosp | Delay Time, CS Low to CO (CI/O) Valid 
(applies only if separate CS used for byte 2) 
topz Delay Time, CS or CCLK9 High to CO (Cl/O) High Impedance 15 
(applies to earlier of CS high or CCLK9 high) 
INTERFACE LATCH TIMING 


Symbol| ss SCS—SC*éPrraameter = SSC*d:SCMMinxs—=|_ Typ. 
Setup Time, IL Valid to CCLK 8 of Byte 1 Low. IL as Input | 4oo | | 
Hold Time, 1. Valid from CCLK 8 of Byte 1 Low. I. as Input oe ee 


a 


coe : 


Delay Time, CCLK 8 of Byte 2 Low to I. C. = 50 pF. IL as Output 


MASTER RESET PIN 


[Symbol] Parameter | 
Duration of Master Reset High Se oe ae 
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by 


SOINOMITIZOLI 
NOSWOHL-S9S 


LSv 
82/le 


€SOc tHSC 
| Bmw amc | 
CI/O BYTE 1&8 WS al WW . 


BYTE 2 UHEN 
INPUT TO CI 
to0z 
Cl/O BYTE 2 
(6 Xs X 4 X 3 X 2 X 21 X 8 ) 


WHEN OUTPUT 


FROM CO 
tOCL 


1LS-ILe — 


INPUTS ONLY NBITSSO7E8-16A OUTPUTS ONLY 
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TRANSMISSION CHARACTERISTICS 


Unless otherwise noted, limits printed in BOLD 
characters are guaranteed for Vcc=+5V+t5%; 
Vss=-5V+5%, Ta=0 °C to 70 °C by correlation 
with 100 % electrical testing at Ta = 25 °C (-40°C 
to 85°C for TS5070-X and TS5071-X). 


AMPLITUDE RESPONSE 


Absolute levels 


The nominal 0 dBm 0 levels are : 
VF xl 0 dB Tx Gain 
25.4 dB Tx Gain 


VFRO 
0.5 dB Rx Attenuation (RL = 600 Q) 
1.2 dB Rx Attenuation (RL = 300 Q) 

25.4 dB Rx Attenuation 


Maximum Overload 
The nominal overload levels are : 


A-law 
VFxl 0 dB Tx Gain 
25.4 dB Tx Gain 
VFRO 0 dB Rx Attenuation (Ri = 15 kQ) 
0.5 dB Rx Attenuation (Ri = 300 Q) 
1.2 dB Rx Attenuation (Ri 2 300 Q) 
25.4 dB Rx Attenuation 


0 dB Tx Gain 
25.4 dB Tx Gain 


0 dB Rx Attenuation (Ri = 15 kQ) 

0.5 dB Rx Attenuation (Ri = 600 2) 

1.2 dB Rx Attenuation (Ri = 300 Q) 
25.4 dB Rx Attenuation 


Transmit Gain Absolute Accurary 


0 dB Rx Attenuation (RL = 15 kQ) 


f = 1031.25 Hz, VFxl = 0 dBm0, DRO or Dri = 0 
dBm0 PCM code, Hybrid Balance filter disabled. All 
other limits are assured by correlation with other 
production tests and/or product design and char- 
acterization. All signals referenced to GND. dBm 
levels are into 600 ohms. Typicals specified at 
Voc =+5V, Vss= -5 V, Ta = 25°C. 


Transmit Gain Programmed for 0 dBm0 = 6.4 dBm, A-law 
Measure Deviation of Digital Code from Ideal 0 dBm0 PCM Code 
at Dx0/1, f = 1031.25 Hz 

Ta = 25°C, Vec=5V, Vss=-—5V 


Transmit gain Variation with Programmed Gain 


—19dBm <0 dBm0 < 6.4 dBm 


Calculate the Deviation from the Programmed Gain Relative to 


GXA 
i.e., GXAG = Gactual — Gprog —- GXA 
Ta =25 CC, Vec=5V, Vss=-5V 
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AMPLITUDE RESPONSE (continued) 


[symbol] Parameter =| tin. | Typ. | Max. | Unit | 


Transmit Gain Variation with Frequency 


Relative to 1031.25 Hz (note 2) 
-19 dBm <o dBm0 < 6.4 dBm 
DRO (or DR1) = 0 dBm0 Code 

f = 60Hz 

f = 200 Hz 

f = 300 Hz to 3000 Hz 

f = 3400 Hz 

f = 4000 Hz 

f > 4600 Hz Measure Response at Alias Frequency from 0 kHz to 4 kHz 
0 dBm0 = 6.4 dBm 

VFX] = -4 dBm0 (note2) 

f = 62.5 Hz 

f = 203.125 Hz 

f = 2093.750 Hz 

f = 2984.375 Hz 

f = 3296.875 Hz 

f = 3406.250 Hz 

f = 3984.375 Hz 

f = 5250 Hz, Measure 2750 Hz 
f = 11750Hz, Measure 3750 Hz 
f = 49750 Hz, Measure 1750 Hz 


Transmit Gain Variation with Temperature 
Measured Relative to GXA, VCC = 5V, VSS = -5V -19dBm < 0dBm <6.4dBm 


Transmit Gain Variation with Supply 


Voc = 5V te 5%, Vss = -5V aid 5% 
Measured Relative to GXA 
Ta = 25°C, 0 dBm0 = 6.4dBm 


Transmit Gain Variation with Signal Level 


Sinusoidal Test Method, Reference Level = 0 dBm0 
VFxlI = -40 dBm0 to + 3 dBm0 
VFxl = -50 dBm0 to -40 dBm0 
VFxl = -55 dBm0 to -50 dBm0 


Receive Gain Absolute Accuracy 


0 dBm0 = 8 1 dBm, A-law 
Apply 0 dBm0 PCM Code to DrO or Dai Measure VFRO, f =1015.625Hz 
Ta = 25°C, Vec = 5V, Vss = -5V 


Receive Gain Variation with Programmed Gain 
-17.3 dBm <0 dBm0 < 8.1 dBm 


Calculate the Deviation from the Programmed Gain Relative to GRA 
l.e. GRAG = Gactual - Gprog - GRA Ta = 25°C, Vcc = 5V, Vss = -5V 
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AMPLITUDE RESPONSE (continued) 


GRAT | Receive Gain Variation with Temperature 


Measure Relative to GRA 
Voc = 5V, Vss = -5V -17dBm < 0dBm0 < 8.1dBm 


Receive Gain Variation with Supply 
Measured Relative to GRA 

Voc = 5V + 5%, Vss = -5V+5% 

Ta = 25°C, 0dBm 0 = 8.1 dBm 


Receive Gain Variation with Frequency 


Relative to 1015.625 Hz, (note 2) 
DrO or Dai = 0 dBm0 Code 
-17.3dBm < 0 dBm0 < 8.1dBm 
f = 200Hz 

f = 300Hz to 3000Hz 

f = 3400Hz 

f = 4000Hz 

GR = 0dBm0 = 8.1dBm 

DrO = -4dBm0 

Relative to 1015.625 (note 2) 

f = 296.875 Hz 

f = 1906.250Hz 

f = 2812.500Hz 

f = 2984.375Hz 

f = 3406.250Hz 

f = 3984.375Hz 


Receive Gain Variation with Signal Level 


Sinusoidal Test Method Reference Level = OdBm0 
DrO = -40dBm0 to +3dBm0 

DrO = -50dBm0 to -40dBm0 

Drd = -55dBm0 to -50dBm0 

DRO = 3.1dBm0 

Rit = 6002, OdBm0 = 7.6dBm 


Ri = 300Q, OdBm0 = 6.9dBm 
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ENVELOPE DELAY DISTORTION WITH FREQUENCY 


| Symbol 
DXR 


Parameter 


Tx Delay Absolute 


f = 1600 Hz 
Tx Delay, Relative to DXA 


f = 500 — 600 Hz 

f = 600 — 800 Hz 

f = 800 — 1000 Hz 
f = 1000 — 1600 Hz 
f = 1600 — 2600 Hz 
f = 2600 — 2800 Hz 
f = 2800 — 3000 Hz 


Rx Delay, Absolute 


f = 1600 Hz 
Rx Delay, Relative to DRA 


f = 500 — 1000 Hz 
= 1000 — 1600 Hz 
f = 1600 — 2600 Hz 
f = 2600 — 2800 Hz 
f = 2800 — 3000 Hz 
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NOISE 


Parameter Min. { Typ. | tex._{ _Unit_| 


NXC | Transmit Noise, C Message Weighted 12 dBrnCo 
u-law Selected (note 3) 
0 dBm0 = 6.4dBm 


NXP Transmit Noise, Psophometric Weighted 
A-law Selected (note 3) 
0 dBm0 = 6.4dBm 


Receive Noise, C Message Weighted 
u-law Selected 
PCM code is alternating positive and negative zero 


Receive Noise, Psophometric Weighted 
A-law Selected 
PCM Code Equals Positive Zero 


fee eee Single Frequency 
f = OHz to 100kHz, Loop Around Measurement VFxl = 0Vrms 


oa Positive Power Supply Rejection Transmit 
Voc = 5Vpc + 100mMVrms 
f = OHz to 4000Hz (note 4) 
f = 4kHz to 50kHz 


NPSRX | Negative Power Supply Rejection Transmit 
Vss = -5Vpc + 100mMVrms 

f = OHz to 4000HZz (note 4) 

f = 4kHz to 50kHz 


Positive Power Supply Rejection Receive 
PCM Code Equals Positive Zero 

Voc = 5Vpc + 100mMVrms 

Measure VFRO 

f = OHz to 4000Hz 

f = 4kHz to 25kHz 

f = 25kKHz to 50KHz 


Negative Power Supply Rejection Receive 
PCM Code Equals Positive Zero 

Vss = -5Vpc + 100mMVrms 

Measure VFRO 

f = OHz to 4000Hz 

f = 4kHz to 25kHz 

f = 25kHz to 50kHz 


Spurious Out-of Band Signals at the Channel Output 
OdBm0 300Hz to 3400Hz input PCM code applied at DRO (Dr) 
Relative to f = 1062.5Hz 

4600Hz to 7600Hz 
7600Hz to 8400Hz 
8400Hz to 50000Hz 


PPSRR 


NPSRR 
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DISTORTION 


Po Parameter | tins (| Typ. | Max, | Unit _| 


Signal to Total Distortion Transmit 
Sinusoidal Test Method 
Half Channel 
Level = -40dBm0 
Level = -45dBm0 dBp 
SFDX_ | Single Frequency Distortion Transmit ee oe 
SFDR | Single Frequency Distortion Receive oe 


Intermodulation Distortion Transmit or Receive 
Two Frequencies in the Range 300Hz to 3400Hz 


CROSSTALK 


[Symbol ___Parameter_| in. | Typ. } Mex. | unit 


CTX-R | Transmit to Receive Crosstalk, 
OdBm0O Transmit Level 

f = 300 to 3400Hz 
DR = Idle PCM Code 


Receive to Transmit Crosstalk, 
OdBm0O Receive Level 
f = 300 to 3400Hz (note 4) 


STDX 


Level = 3dBm0 
Level = -30dBm0 to 0dBm0 
Level = -40dBm0 
Level = -45dBm0 


Signal to Total Distortion Receive 
Sinusoidal Test Method 
Half Channel 


Level = 3dBm0 
Level = -30dBm0 to OdBm0 


Notes: 
1. Applies only to MCLK frequencies > 1.536 MHz. At 512 kHz A 50:50 + 2 % duty cycle must be used. 


2. A multi-tone test technique is used (peak/rms < 9.5 dB). 
3. Measured by grounded input at VF xl. 
4. PPSRX, NPSRX and CTR-X are measured with a — 50 dBm0 activation signal applied to VFxl. 


A signal ts Valid if it is above Vin or below Vit and invalid if it is between Vi. and Viy_ For the purpose of the specification the following conditions 
apply : 


a) All input signals are defined as Vit = 0.4 V, Vin = 2.7 V, ta< 10 ns, te 10 ns 

b) ta is measured from Vit to Vin, te is measured from Vin to Vit 

c) Delay Times are measured from the input signal Valid to the clock input invalid 
d) Setup Times are measured from the data tnput Valid to the clock input invalid 
e) Hold Times are measured from the clock signal Valid to the data input invalid 


f) Pulse widths are measured from Vit to Vit or from Vin to Vin 
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DEFINITIONS AND TIMING CONVENTIONS 


DEFINITIONS 
Vin 


Vit 


Vou 
VoL 


Threshold Region 
Valid Signal 


Invalid signal 


VIH is the D.C. input level above which an input level is guaranteed to appear as a logical one. 
This parameter is to be measured by performing a functional test at reduced clock speeds and 
nominal timing (i.e. not minimum setup and hold times or output strobes), with the high level of 
all driving signals set to Viq and maximum supply voltages applied to the device. 


VIL is the D.C. input level below which an input level is guaranteed to appear as a logical zero 
the device. This parameter is measured in the same manner as Vjy but with all driving signal 
low levels set to Vi_ and minimum supply voltage applied to the device. 


VOH is the mininmmum D.C. output level to which an output placed in a logical one state will 
converge when loaded at the maximum specified load current. 


VOL is the maximum D.C. output level to which an output placed in a logical zero state will 
converge when loaded at the maximum specified load current. 


The threshold region is the range of input voltages between Vit and Vin. 

A signal is Valid if it is in one of the valid logic states. (i.e. above Vin or below ViL). In timing 
specifications, a signal is deemed valid at the instant it enters a valid state. 

A signal is invalid if it is not in a valid logic state, i.e., when it is in the threshold region between 
Vic and Vin. In timing specifications, a signal is deemed Invalid at the instant it enters the 
threshold region. 


TIMING CONVENTIONS 


For the purpose of this timing specifications the following conventions apply : 


Input Signals 
Period 


Rise Time 
Fall Time 


Pulse Width High 


Pulse Width Low 


Setup Time 


Hold Time 


Delay Time 
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All input signals may be characterized as : V_=0.4 V, VH=2.4 V, tR < 10 ns, tF < 10 ns. 


The period of the clock signal is designated as tPxx where xx represents the mnemonic of the 
clock signal being specified. 


Rise times are designated as tRyy, where yy represents a mnemonic of the signal whose rise 
time is being specified, tRyy is measured from Vit to Vin. 


Fall times are designated as tFyy, where yy represents a mnemonic of the signal whose fall 
time is being specified, tFyy is measured from Vin to VIL. 


The high pulse width is designated as tWzzH, where zz represents the mnemonic of the input 
or output signal whose pulse width is being specified. High pulse width are measured from Vin 
to Vin. 


The low pulse is designated as tWzzL’ where zz represents the mnemonic of the input or output 
signal whose pulse width is being specified. Low pulse width are measured from Vi. to VIL. 


Setup times are designated as tSwwxx where ww represents the mnemonic of the input signal 
whose setup time is being specified relative to a clock or strobe input represented by mnemonic 
xx. Setup times are measured from the ww Valid to xx Invalid. 


Hold times are designated as THwwxx where ww represents the mnemonic of the input signal 
whose hold time is being specified relative to a clock or strobe input represented by the 
mnemonic xx. Hold times are measured from xx Valid to ww Invalid 


Delay times are designated as TDxxyy [H/L], where xx represents the mnemonic of the input 
reference signal and yy represents the mnemonic of the output signal whose timing is being 
specified relative to xx. The mnemonic may optionally be terminated by an H or L to specify the 
high going or low going transition of the output signal. Maximum delay times are measured from 
xx Valid to yy Valid. Minimum delay times are measured from xx Valid to yy Invalid. This 
parameter is tested under the load conditions specified in the Conditions column of the Timing 
Specifications section of this datasheet. 
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wa SGS-THOMSON 1.5KE6V8P,A/440P,A 
YH WICROELECTRONICS 1.5KE6V8CP.CA/440CP,CA 


TRANSIL 


FEATURES 


=» PEAK PULSE POWER= 1500 W @ ims. 

» BREAKDOWN VOLTAGE RANGE : 
From 6V8 to 440 V. 

a UNI AND BIDIRECTIONAL TYPES. 

a LOW CLAMPING FACTOR. 

« FAST RESPONSE TIME: 
Tclamping : 1ps (0 V to VBR). 

a UL RECOGNIZED. 


CB429 
(Plastic) 


DESCRIPTION MECHANICAL CHARACTERISTICS 

Transil diodes provide high  overvoltage » Body marked with : Logo, Date Code, Type 
protection by clamping action. Their Code, and Cathode Band (for unidirectional 
instantaneous reponse to transients makes them types only). 

particularly suited to protect voltage sensitive = Tinned copper leads. 


devices such as MOS Technology and low 


a High temperature soldering. 
voltage supplied IC’s. 


ABSOLUTE RATINGS (limiting values) 
Peak pulse power dissipation Tamb = 25°C 1500 W 
See note 1 and derating curve Fig 1. 
Power dissipation on infinite heatsink Tlead = 75°C 5 W 
See note 1 and derating curve Fig 1. 
lIFSM Non repetitive surge peak forward current Tamb = 25°C 250 A 
For Unidirectional types. - t=10 ms 
Tstg Storage and junction temperature range -65to +175 °C 
7; 175 °C 
TL Maximum lead temperature for soldering 230 °C 
during 10 s. 
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THERMAL RESISTANCES 


Rth (j-!) Junction-leads on infinite heatsink 
Rth (j-a) | Junction to ambient. on printed circuit. Liead = 10 mm 


ELECTRICAL CHARACTERISTICS 


vn [ Sine 
ee 
ek [oars 
[sae cre ve 
oe [sieomen 


VE Forward Voltage drop 
VE < 3.5V @ IF = 100A. 
TYPES IRM @ VRM aT Cc 
max max typ 
notes as 


Unidirectional |_Bidirestional_| wa | vt v tv} v_tmal_v__a |v | a _{rorc} (er 


P 1.5KE6V8P |P 1 SKE6V8CP 
P 1.5KE6V8A | P 1.5KE6V8CA 


VBR @ 
min nom max 


IR 


P 1.5KE7V5P 1.5KE7V5CP 
1.5KE7V5A | P 1.5KE7V5CA 
1.5KE8V2P 1.5KE8V2CP 
P 1.5KE8V2A |P 1.5KE8V2CA 
1.5KE9V1P 1.5KE9V1CP 1 
1.5KE9VIA 1.5KE9VICA 1 
1.5KE10P 1.5KE10CP 1 
P 1.5KE10A P 1.5KE10CA 1 
1.5KE11P 1.5KE11CP 1 
1.5KE11A 1.5KE11CA 5 1 
1.5KE12P P 1.5KE12CP 5 1 
P 1.5KE12A P 1.5KE12CA 5 1 
1.5KE13P 1.5KE130P 5 1 
P 1.5KE13A P 1.5KE13CA 5 1 
P 1.5KE15P P 1.5KE15CP 5 1 
P 1.5KE15A P 1.5KE15CA 5 1 
1.5KE16P 1.5KE16CP 5 1 
1.5KE16A 1.5KE16CA 5 1 
P 1.5KE18P P 1.5KE18CP 5 1 
P 1.5KE18A P 1.5KE18CA 5 1 
P 1.5KE20P P 1.5KE20CP 5 1 
P 1.5KE20A 1.5KE20CA 5 1 
1.5KE22P 1.5KE22CP 5 1 


P = Prefered device 
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VvVUVvVV0UV0 VV VU 


v 


vu 


me) UU TU U 


UU NU 


P = Prefered device 


1.5KE22A 
1.5KE24P 
1.5KE24A 
1.5KE27P 
1.5KE27A 
1.5KE30P 
1.5KE30A 
1.5KE33P 
1.5KE33A 
1.5KE36P 
1.5KE36A 
1.5KE39P 
1.5KE39A 
1.5KE43P 
1.5KE43A 
1.5KE47P 
1.5KE47A 
1.5KE51P 
1.5KE51A 
1.5KE56P 
1.5KE56A 
1.5KE62P 
1.5KE62A 
1.5KE68P 
1.5KE68A 
1.5KE75P 
1.5KE75A 
1.5KE82P 
1.5KE82A 
1.5KE91P 
1.5KE91A 
1.5KE100P 
1.5KE100A 
1.5KE110P 
1.5KE110A 
1.5KE120P 
1.5KE120A 
1.5KE130P 
1.5KE130A 
1.5KE150P 
1.5KE150A 
1.5KE160P 
1.5KE160A 
1.5KE170P 
1.5KE170A 
1.5KE180P 
1.5KE180A 
1.5KE200P 
1.5KE200A 
1.5KE220P 
1.5KE220A 
1.5KE250P 
1.5KE250A 
1.5KE280P 
1.5KE280A 


vVVv~vVvVUVVVIVV GV 


1.5KE22CA 
1.5KE24CP 
1.5KE24CA 
1.5KE27CP 
1.5KE27CA 
1.5KE30CP 
1.5KE30CA 
1.5KE33CP 
1.5KE33CA 
1.5KE36CP 
1.5KE36CA 
1.5KE39CP 
1.5KE39CA 
1.5KE43CP 
1.5KE43CA 
1.5KE47CP 
1.5KE47CA 
1.5KE51CP 
1.5KE51CA 
1.5KE56CP 
1.5KE56CA 
1.5KE62CP 
1.5KE62CA 
1.5KE68CP 
1.5KE68CA 
1.5KE75CP 
1.5KE75CA 
1.5KE82CP 
1.5KE82CA 
1.5KE91CP 
1.5KE91CA 
1.5KE100CP 
1.5KE100CA 
1.5KE110CP 
1.5KE110CA 
1.5KE120CP 
1.5KE120CA 
1.5KE130CP 
1.5KE130CA 
1.5KE150CP 
1.5KE150CA 
1.5KE160CP 
1.5KE160CA 
1.5KE170CP 
1.5KE170CA 
1.5KE180CP 
1.5KE180CA 
1.5KE200CP 
1.5KE200CA 
1.5KE220CP 
1.5KE220CA 
1.5KE250CP 
1.5KE250CA 
1.5KE280CP 
1.5KE280CA 
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ON 


VCL @ Ipp | VcL @ Ipp 


1.5KExx 


aT Cc 
max typ 
note3 | note4 


9:2 


1.5KExx 


IRM@VRM | VBR @ IR | VCL@!pp|VcL@Ipp| oT C 
max min nom max max max max typ 
10/1000us 8/20us notes | note4 


| -Unicirectional | Birectional_| wa |_v {Vv |v |v {ma} _v | a {v1 a {ro4rc! (er) 


— 


1.5KE300P | P 1.5KE300CP 
P 1.5KE300A 1.5KE300CA 


1.5KE320P 1.5KE320CP 
P 1.5KE320A 1.5KE320CA 
P 1.5KE350P | P_1.5KE350CP 
1.5KE350A 1.5KE350CA 
P 1.5KE400P | P 1.5KE400CP 
1.5KE400A 1.5KE400CA 
P 1.5KE440P | P 1.5KE440CP 
1.5KE440A 1.5KE440CA 
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All parameters tested at 25 °C, except where indicated. 
Figure 1: Power dissipation derating versus 


P'= Prefered device . 
ambient temperature 


% Ipp 


Peak Power 
(on printed circuit). 


10 ps 


100 


PULSE WAVEFORM 10/1000 ps 


SO f-f------- { Average Power 
(on infinite heatsink). 


1000 ps 


0 20 40 60 80 100 120 140 JA 180 200 


Note 1: For surges greater than the maximum values, 
the diode will present a short-circuit Anode - Cathode. 


Note 2: Pulse test: Tp < 50 ms. 
Note3: AVsR=aT :(Ta- 25): Veres-c). 


Note4: VR=0OV, F=1 MHz. For bidirectional types, 
capacitance value is divided by 2. 
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Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 us 
1ms_ ------------- 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 °C before surge. 

The given results may be extrapolated for other junction temperatures by using the following formula : 
AV (BR) = T (V(BR)) * [Ta -25] * V (BR). 

For intermediate voltages, extrapolate the given results. 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus | 
peak forward current (typical values for 


unidirectional types). 


Note : For units with Var > 200 V 
Ve is twice than shown. 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with L tead = 10mm. 
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ORDER CODE 


BIDIRECTIONAL <—————_ 


1.5KExx 


1.5 KE 100 C A RL 


ees 


BREAKDOWN VOLTAGE 


. PACKAGING: 


= Ammopack 
RL = Tape and reel. 


TOLERANCE : 
A = +/- 5% 
P= -5%, +10%. 


MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 


PACKAGE MECHANICAL DATA 
CB429 


a 3 

ee aa 
ae ee a 
eee a ee 
Eh Pa ee 10050" 


note1:The diameter © bz is not controlled over zone’L: 


Weight = 0.85 g. 


Packaging : standard packaging is in tape and reel. 
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Gey SGS-THOMSON 8ZW04-5V8,B/376,B 


TRANSIL 


FEATURES 


s PEAK PULSE POWER= 400 W @ ims. 
» STAND-OFF VOLTAGE RANGE : 
From 5V8 to 376 V. 
« UNI AND BIDIRECTIONAL TYPES. 
as LOW CLAMPING FACTOR. 
a FAST RESPONSE TIME: 
Tclamping : 1ps (0 V to VBR). 
a UL RECOGNIZED 


F126 
(Plastic) 


DESCRIPTION MECHANICAL CHARACTERISTICS 

Transil diodes provide high  overvoltage « Body marked with : Logo, Date Code, Type 

protection by clamping action. Their Code and Cathode Band (for unidirectional 
. instantaneous reponse to transients makes them types only). 

particularly suited to protect voltage sensitive = Tinned copper leads. 

devices such as MOS Technology and low a High temperature soldering. 


voltage supplied _IC’s. 


ABSOLUTE RATINGS (limiting values) 


| Symbol | Parameter | Value 

Peak pulse power dissipation Tamb = 25°C 
See note 1 and derating curve Fig 1. 
Power dissipation on infinite heatsink Tlead = 75°C 7 
See note 1 and derating curve Fig 1. 

lFSM Non repetitive surge peak forward current Tamb = 25°C 50 A 
For Unidirectional types t=10 ms 

Tstg Storage and junction temperature range -65to +175 °C 

Tj 175 °C 

TL Maximum lead temperature for soldering 230 °C 
during 10 s. 
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BZW04-xx 


THERMAL RESISTANCES 


Rth (-l) Junction-leads on infinite heatsink 
Rth (j-a) | Junction to ambiant. on printed circuit. Liead = 10 mm 


ELECTRICAL CHARACTERISTICS 


nM 

: 

2 
RM 
r 
VF 


Voltage temperature coefficient. 


Forward Voltage drop 
VE < 3.5V @ IF = 25 A. 


IRM@VRM | VBR @ aT Cc 
min nom max max typ 
10/1000us 8/20US notes | note4 


| Unidirectional | Bidirectional | wA | V | v |v |v [mal v | A | v | A |10-4PC/ (pF) | 
: : : 5.7 


BZW04-5V8 BZW04-5V8B 
BZWO04P6V4 | P BZW04P6V4B 
BZW04-6V4 BZW04-6V4B 
BZW04P7V0 BZW04P7V0B 
BZW04-7V0 BZW04-7V0B 
BZW04P7V8 BZWO04P7V8B 
BZW04-7V8 BZW04-7V8B 
BZW04P8V5 BZW04P8V5B 
BZW04-8V5 BZW04-8V5B 
BZWO04P9V4 BZWO04P9V4B 
BZW04-9V4 BZW04-9V4B 
BZW04P10 BZWO04P10B 
BZW04-10 BZW04-10B 
BZW04P11 BZW04P11B 
BZW04-11 BZW04-11B 
BZW04P13 BZW04P13B 
BZW04-13 BZW04-13B 
BZW04P 14 BZW04P14B 
BZW04-14 BZW04-14B 
BZW04P15 BZW04P15B 
BZW04-15 BZW04-15B 
BZW04P17 BZW04P17B 
BZW04-17 BZW04-17B 
BZW04P19 BZW04P19B 


P = Prevered device 


V 

V 

V 

| Leakage current @ VRM 
O 


SN ee ee ee ee ee ee eee See Spee Cares Gare © 
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BZW04-xx 


IRM@VRuM | VBR @ IR |VcL@Ipp/VcL@Ipp| oT C 
| max min nom max max max typ 
10/1000us note3 | note4 


BZW04-19 
BZW04P20 
BZW04-20 
BZW04P23 
BZW04-23 
P BZW04P26 
BZW04-26 
P BZWO04P28 
BZW04-28 
BZW04P31 
P BZW04-31 
P BZW04P33 
P BZW04-33 
BZW04P37 
BZW04-37 
BZW04P40 
BZW04-40 
BZW04P44 
BZW04-44 
BZWo04P48 
P BZW04-48 
BZWO04P53 
BZW04-53, 


P BZWO4P58 . 


BZW04-58 ' 
BZWO04P64 
P BZW04-64 
BZW04P70 
BZW04-70 
BZWO04P78 
BZW04-78 
P BZWO4P85 
BZW04-85 
BZW04P94 
BZW04-94 
BZW04P 102 
BZW04-102 
BZWO04P111 
BZW04-111 
P BZW04P128 
BZW04-128 
P BZW04P136 
P BZW04-136 
P BZWO04P145 
BZW04-145 
BZW04P154 
BZW04-154 
BZW04P171 
BZW04-171 
BZW04P188 
BZW04-188 
BZW04P213 
BZW04-213 
P BZWo04P239 
BZW04-239 


BZW04-19B 
BZW04P20B 
BZW04-20B 
BZW04P23B 
BZW04-23B 
BZW04P26B 
BZW04-26B 
BZW04P28B 
BZW04-28B 
BZW04P31B 


BZW04-31B 


BZW04P33B 
BZW04-33B 
BZW04P37B 
BZW04-37B 
BZW04P40B 
BZW04-40B 
BZW04P44B 
BZW04-44B 
BZW04P48B 
BZW04-48B 
BZWO04P53B 
BZW04-53B 
BZW04P58B 
BZW04-58B 


BZWO4P64B | 


BZW04-64B 
BZW04P70B 
BZW04-70B 
BZWO04P78B 
BZW04-78B 
BZW04P85B 
BZW04-85B 
BZW04P94B 
BZW04-94B 
BZW04P102B 
BZW04-102B 
BZW04P111B 
BZW04-111B 
BZW04P128B 
BZW04-128B 
BZW04P136B 
BZW04-136B 
BZW04P145B 
BZW04-145B 
BZW04P154B 
BZW04-154B 
BZW04P171B 
BZW04-171B 
BZW04P188B 
BZW04-188B 
BZW04P213B 
BZW04-213B 
BZW04P239B 
BZW04-239B 
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P = Prevered device 
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BZW04-xx 


TYPES IRM@VRM | VBR @ IR |VCL@!pp|VcL@Ipp| oT C 
max min nom max max max typ 
note2 10/1000ys note3 = 


-Unicirectional | Biclectional_| yA |__| v{v |v jma} v | A |v {Aa {104rcl (pF 


BZW04P256 BZW04P256B 
BZW04-256 BZW04-256B 
BZW04P273 BZW04P273B 
BZW04-273 BZW04-273B 
BZW04P299 | P BZW04P299B 
P BZW04-299 | P BZW04-299B 
BZW04P342 | P BZW04P342B 
BZW04-342 | P BZW04-342B 
P BZW04P376 | P BZW04P376B 
BZW04-376 | P BZW04-376B 


— 


anInno oa ooo oO 
me ey i ok 


All parameters tested at 25 °C, except where indicated. 


Figure 1: Power dissipation derating versus 


P = Prefered device 
ambient’ temperature 


% Ipp 


10 us 


Peak Power 


100 (on printed circuit). 


PULSE WAVEFORM 10/1000 ps 
50 | --f------- 


Average Power 
(on infinite heatsink). 


0 t 
1000 ps 
20 40 60 80 100 120 140 I 180 200 
Note 1: For surges greater than the maximum values, 
the diode will present a short-circuit Anode - Cathode. 
Note 2: Pulse test: Tp < 50 ms. 


Note 3: AVsr = aT - (Ta - 25) - Vercesec). 


Note 4: VR =OV, F =1 MHz. For bidirectional types, 
capacitance value is divided by 2. 
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BZW04-xx 


Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 us 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 °C before surge. 

The given results may be extrapolated for other junction temperatures by using the following formula : 
AV (BR) = @T (V(BR)) * [Ta -25] * V (BR). 

For intermediate voltages, ee a the given results. 
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BZW04-xx 


Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 


Note : For units with Var > 200 V 
Ve is twice than shown 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. Fora 
mounting on PC Board with L tead = 10mm. 
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BZW04-xx 


ORDER CODE 


BZW 04 - 10 B RL 


400 W « \__» PACKAGING: 


= Ammopack 


TOLERANCE RL = Tape and reel. 
af 5% |______» BIDIRECTIONAL 


= -9%, +10%. STAND-OFF VOLTAGE 


MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 


PACKAGE MECHANICAL DATA 
F 126 (Plastic). 


note1:The diameter © be is not controlled over zone L; 


Weight = 0.4 g. 


Packaging : standard packaging is in tape and reel. 
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(wy SGS-THOMSON 
AYA ticRouscronies  BZWS50-10,B/180,B 


TRANSIL 

FEATURES 
a PEAK PULSE POWER= 5000 W @ ims. 
=» STAND-OFF VOLTAGE RANGE : 

From 10V to 180 V. 
a UNI AND BIDIRECTIONAL TYPES. 
m LOW CLAMPING FACTOR. 
» FAST RESPONSE TIME: 

Tclamping : 1ps (0 V to VBR). 

AG 
(Plastic) 

DESCRIPTION MECHANICAL CHARACTERISTICS 
Transil diodes provide high overvoltage a Body marked with : Logo, Date Code, Type 
protection by clamping action. Their Code and Cathode Band (for unidirectional 


instantaneous reponse to transients makes them types only). 

particularly suited to protect voltage sensitive = Tinned copper leads. 
devices such as MOS Technology and low » High temperature soldering. 
voltage supplied IC’s. 


ABSOLUTE RATINGS (limiting cee 


Peak pulse power dissipation Tamb = 25°C 5000 
See note 1 and derating curve Fig 1. 
Power dissipation on infinite heatsink Tlead = 75°C 
See note 1 and derating curve Fig 1. 
lIFSM Non repetitive surge peak forward current Tamb = 25°C 
For Unidirectional types. t=10 ms 
9 Storage and junction temperature range -65to +175 
175 
Maximum lead temperature for soldering 
during 10 s. 
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BZW50-10,B/180,B 


THERMAL RESISTANCES 


Symbol 


Parameter 


Rth (j-l) Junction-leads on infinite heatsink 15 
Rth (j-a) =| Junction to ambient. on printed circuit. Liead = 10 mm 


ELECTRICAL CHARACTERISTICS 


Stand-off voltage 


Breakdown voltage 


| 
Clamping voltage. . 
OT 


Leakage current @ VRM 


Voltage temperature coefficient. 


aT Cc 
max typ 
note3 | note4 


Bidirectional | yA | Vv | v | v | v | mal v | A | v | A |10-4C| (pF) | 
: ‘ ; : : 7.8 


BZW50-10 
BZW50-12 
BZW50-15 
BZW50-18 
BZW50-22 
BZW50-27 
BZW50-33 
BZW50-39 
BZW50-47 
BZW50-56 
BZW50-68 
BZW50-82 


BZW50-10B 
BZW50-12B 
BZW50-15B 
BZW50-18B 
BZW50-22B 
BZW50-27B 
BZW50-33B 
BZW50-39B 
BZW50-47B 
BZW50-56B 
BZW50-68B 
BZW50-82B 


—_ 


BZW50-100 
BZW50-120 
BZW50-150 
BZW50-180 


BZW50-100B 
BZW50-120B 
BZW50-150B 
BZW50-180B 
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All parameters tested at 25 °C, except where indicated. 
Note 2: Pulse test: Tp < 50 ms. 
Note 3:  AVseR=alT «(Ta - 25) + Verse). ; 


Note 4: VR=0V, F=1 MHz. For bidirectional types, capacitance value ts divided by 2. 
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BZW50-10,B/180,B 


% |pp 


10 ps 


100 


PULSE WAVEFORM 10/1000 ps 
50 | --f------- 


1000 us 


Note 1: For surges greater than the maximum values, 


the diode will present a short-circuit Anode - Cathode. 


Figure 1: Power dissipation derating versus 
ambient temperature 
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BZW50-10,B/180,B 


Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 us 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 °C before surge. 

The given results may be extrapolated for other junction temperatures by using the following formula : 
AV (BR) = aT (V(BR)) * [Ta -25] * V (BR). 

For intermediate voltages, extrapolate the given results. 


4/6 : 
= IT SGS “THOMSON 


BZW50-10,B/180.B 


Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 


Note : For units with Ver > 200 V 
Ve Is twice than shown. 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. Fora 
mounting on PC Board with L lead = 10mm. 
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BZW50-10,B/180,B 


ORDER CODE 


BZW 50-10 B 


5000 W | 


STAND-OFF VOLTAGE «—————____ '"———> BIDIRECTIONAL. 


MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 


PACKAGE MECHANICAL DATA 
AG plastic. 


Inches 


Millimeters 


min max min max 


ee ee ee eee 
po a | - | 98 | - | 0354 | 
ee ee eee ee 
a eee 


| 127 | - | 0.050 _| 


: The lead diameter © be is not controlled over 


zone Li 


note 2 : 20mm minimum between bendings 
Weight = 1.6 g. 
Packaging : standard packaging is in bulk. 
6/6 (Cy, SGS-THOMSON 
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kg SGS-THOMSON 
YF, MiCROELECTROMICS DA108S1 


DIODE ARRAY 


FEATURES 
a ARRAY OF EIGHT DIODES 


s» IDEAL FOR CLAMPING SIGNALS TO SUPPLY 
RAILS 


a SUITABLE FOR ISDN PROTECTION APPLI- 
CATIONS 


» SURFACE-MOUNT SO8 PACKAGE 


SO8 


(plastic) 
DESCRIPTION 


PINOUT 
Array of diodes configured to clamp four signals to 


a fixed reference so as to prevent damage caused 
by overvoltages. The reference can be either the 
supply rails or a Transil™ clamping device. 


The diode array can be used for protecting the low- 
voltage side of an ISDN S interface. Other applica- 
tions include microcontroller input port protection 
and signal conditioning. 


ABSOLUTE MAXIMUM RATINGS (0°C < Tamb § 70°C) 


|Symbol | Parameter | Vatu | Unit 
| lpp__| Repetitivepeaktorwardcurrent* | 820us | 12 | A 


Tstg Storage temperature range -55to + 150 °C 
Tj Maximum operating junction temperature 150 °C 


(* The surge !s repeated after the device returns to Its initial conditions) 


THERMAL RESISTANCES 


Rth (j-l) Junction - Leads thermal resistance BOS °C/W 
Rth (j-a) Junction - Ambient thermal resistance °C/W 
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DA108S1 


ELECTRICAL CHARACTERISTICS (Tamb = 25°C, unless otherwise specified) 


| Symbol | Parameter | Min, | Max. | Unit_ 
| Vee | Peak voltage ip=12A,8/20us | | 9 | vi | 
| HE | Bapediiaiegs essa, 98 
a Reverse AEN current = = 15V 


Fig.1 ; I/O pin capacitance 


c<100UF 


Fig.2 : Typical peak forward voltage characteristics (8/201s pulse) 


V, = f (I-) V, = f (Ie) 


Typical values Typical values 
1 ie ie 


Ra ea 
Aimee ee ea 
at eT 
HHH 


2/5 Fe 
——________ ky SGS-THOMSON 
490 


DA108S1 


APPLICATION 1 : ISDN Interface Protection 


LOGIC SIDE LINE SIDE 


DA108S1 


Residual lightning surges at transformer secondary are suppressed by DA108S1. 


APPLICATION 2: Microcontroller Input Signal Conditioning 


4-bit input port 


+ 
a 
< 


SENSORS 


DA108S1 


Sensor output voltage is clamped to within microcontroller supply range. 
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DA1083S1 
APPLICATION 3 : High-speed transmission protection 


+/- 2.4V 
G703 
Interface &‘SM6T6V8A 
+/- 2.4V 


* Capacitance : 15pF typ. 
ee perenne sere * Surge energy goes to Ground 
DA108S1 * Minimal crosstalk 


4/5 a 
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DA108S1 


PACKAGE MECHANICAL DATA (in millimeters) 
SO8 (plastic) 


.|__Millimetres | Inches 
| Min. | Typ. | Max. | Min. | Typ. | Max. | 
PAT {|i} | [0.0891 
pat [ot | [0.25 0.004] [o.010| 
jaa | | tes | To. | 
| a3 joes} | 0.85 [0.026] _| 0.033 | 
|b |o35| [048 |oo14] —_[o.019| 
bi |ois| [0.25 |o.007| {0.010 
| c [o25| | 05 jooto} [0.020 
45° (typ) 
| dD [48] | 5.0 jo1ss] _[0.197| 
pe | ss] | 62 |o228|  |o.244| 
(127| | {0.050 
jes | [381] | fotso] 
pF ise] | 40 {o15|  {0.157, 
L [o4| {127 |o016] _[0.050| 
ej —_t__Los| —_|__looes 
S| (max) 


REF 


8° (max) 


Packaging : Products supplied in antistatic tubes. 


MARKING : Logo, Data Code, DA108S 
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L3100B 
L3100B1 


PROGRAMMABLE TRANSIENT VOLTAGE SUPPRESSOR 
AND CURRENT LIMITER 


FEATURES 


» UNIDIRECTIONAL FUNCTION 

» PROGRAMMABLE BREAKDOWN VOLTAGE 
UP TO 265 V 

» PROGRAMMABLE CURRENT LIMITATION 
FROM 50 mA TO 550 mA 

e HIGH SURGE CURRENT CAPABILITY 
Ipp=100A 10/1000 us 


DESCRIPTION 


Dedicated to sensitive telecom equipment 
protection, this device can provide both voltage 
protection and current limitation with a very tight 
tolerance. 

Its high surge current capability makes the 
L3100B a reliable protection device for very 
exposed equipment, or when series resistors are 
very low. 

The breakdown voltage can be = easily 
programmed by using an external zener diode. 

A multiple protection mode can also be 
performed when using several zener diodes, 
providing each line interface with an optimized 
protection level. 

The current limiting function is achieved with the 
use of a resistor between the gate and the 
cathode. The value of the resistor will determine 
the level of the desired current. 


CONNECTION DIAGRAM 


(Plastic) 


IN ACCORDANCE WITH FOLLOWING 
STANDARDS : 


CCITT K17 - K20 10/700 1s 1.5.kV 
5/310 us 38 A 

VDE 0433 10/700 us 2 kV 
5/200 us 50 A 

CNET 0.5/700 ps 1.5kV 
0.2/310 us 38 A 


SCHEMATIC DIAGRAM 


Cathode 
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L3100B/L3100B1 


ABSOLUTE RATINGS (limiting values) (- 40°C < Tamb < +85°C) 


Peak pulse current 10/1000 ps 100 
8/20 1s 250 
| item | | ttsm | Non repetitive surge peak on-state current a 


Critical rate of rise of on-state current Non repetitive p00} As 
dv/dt Critical rate of rise of off-state voltage 67% VBR KV/us 


Tstg Storage and operating junction temperature range - 40 to + 150 °C 
Tj + 150 °C 


% lpp 
100 Pulse waveform 10/1000us 


104s 


1000 ps 


THERMAL RESISTANCE 
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ELECTRICAL CHARACTERISTICS. 


VRM Stand-off voltage 
VBR 
VBO Breakover voltage 
On-state voltage @ IT 
189 | Breakovercurent 
top| Peakpuse rent 


Breakdown voltage 


OPERATION WITHOUT. GATE. 


Type IRM @ VRM VBR@ IR 
max min i 
a 1 ae 2 — 3 
wa |v} _vy_{ ma {| v_{ ma_| ma 
L3100B 60 
re 250 
L3100B1 60 
i: 250 


OPERATION WITH GATES. 


VGN @ IGN = 200 mA | IGN@ Vac =100V | VRGN @ Iqg=1mA.| Igp @ Vac = 100V 


min max max 


rll cS M8 le a 


All parameters tested at 25°C, except where indicated otherwise. 


Note 1: See the reference test circutt for lx, Igoand Veo parameters. 
Note 2: Square pulse Tp= 500us - lr= 1A. 
Note 3: Vra=5V, f= 1MHz. 
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L3100B/L3100B1 


REFERENCE TEST CIRCUIT FOR In, Iso and Veo parameters : 


L Tp =20ms 
Auto O 
Transformer - 
220V/2A Fy [static ° 
; relay.t—| >t, 


eee 


f 


K 


IBo >!H 
measure 


Vout 


NOONVV ON NNO) | 
VOVOVOVVGI00) J 


POORG900000 00 0 


Transformer 
220V/800V 
5A 


TEST PROCEDURE : 


» Pulse Test duration (Tp = 20ms): 

- For Bidirectional devices = Switch K is closed 

- For Unidirectional devices = Switch K is open. 
= Vout Selection 

- Device with Var < 150 Volt 

- Vout = 250 Vrms, Ri = 140 Q. 
- Device with Var = 150 Volt 
- Vout = 480 Vrms, R2= 240 Q. 


FUNCTIONAL HOLDING CURRENT (lx) TEST CIRCUIT = GO - NOGO TEST. 


250 150 Switch 


Vbat = 48V 


Surge Generator 
10/700 psec 
Vp =1KV/Ipp = 25A 


This is a GQ:NOGO Test which allows to confirm the holding current (Ip) level in a functional test circuit. 
This test can be performed if the reference test circuit can’t be implemented. 


TEST PROCEDURE : 


1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A , 10/700 us. 
3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. 


a ee yj SGS-THOMSON 
498 } 7 MicROELECTROMIES 


Figure 1 : Non-repetitive surge peak on state 
current versus number of cycles. (with sinusoidal 
pulse: F = 50 Hz). 


ET ETT 
NUTELLA ET ETT 
PSE ELIE ETT 
mis 
a 
ie ee 
CE eR 
LLL woman terme [| 


1 1000 


Figure 3 Relative variation of breakdown 
voltage versus ambient temperature. 
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Figure 2 : Relative variation of holding current 
versus junction temperature. 
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Figure 4 : Junction capacitance versus reverse 
applied voltage. 
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L3100B/L3100B1 


APPLICATION CIRCUIT 
Overvoltage Protection and Current limitation 


w~ me — — M— Mm eM Mw eM ewe me Ke eK | 


SPEECH 
DIALING 
RINGER 


—— ee et 


Table below gives the tolerance of the limited current It for each standardized resistor value. 
The formula (1) has been used with Ven values specified at the typical gate current level Ian. 


om G 
GN 
L3100B 
eee! 


CURRENT TOLERANCE 


4 


T SGS-THOMSON 
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L3100B/L3100B1 


Ground key telephone set Protection 


PTC 
<a ey Ga - } 

a DIALING 

Dr | |L3100B\B1 aincuir 
ee , 


pen] 


PROTECTION MODES : 


OFF HOOK = Ringer circuit protection is ensured with breakdown voltage at 265 V. 


ON HOOK = In dialing mode and in conversation mode, the breakdown voltage of L3100B can be 
adapted to different levels with two zener diodes. 


s 


* PACKAGE MECHANICAL DATA (in milimeters) 
ORDER CODE DIL 8 Plastic 


L3100 B 1 


VERSION. 
= VBR = 265 V 
1 = VBR = 255 V 


POO1-FWt 


MARKING : Logo, Date Code,part Number. 


PACKAGING : Products supplied in antistatic tubes. 
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L3121B 


PROGRAMMABLE TRANSIENT VOLTAGE SUPPRESSOR 


FEATURES 


» BIDIRECTIONAL FUNCTION WITH VOLTAGE 
PROGRAMMABILITY IN BOTH POSITIVE 
AND NEGATIVE POLARITIES. 

» PROGRAMMABLE BREAKDOWN VOLTAGE 
UP TO 100 V. 

» HOLDING CURRENT = 150 mA min. 

s HIGH SURGE CURRENT CAPABILITY. 

pp = 100A, 10/1000 ps 


DESCRIPTION 


This device has been especially designed to 
protect a subscriber line card interface (SLIC) 
with a integrated ring generator. 

Used with the recommended ‘application circuit, 
each line (TIP and RING) is protected against 
positive and negative surges. In the positive 
polarity, the breakdown voltage is referenced to 
the + VB , and in the negative polarity, the 
breakdown voltage is referenced to the -Vbat . 
Its high surge current capability makes the 
L3121B a reliable protection device for very 
exposed equipment, or when series resistors are 
very low. 


CONNECTION DIAGRAM 


SIP 4 
(Plastic) 


IN ACCORDANCE WITH FOLLOWING 
STANDARDS : 


CCITT K17 - K20 { 10/700 ps 1.5 kV 
5/310 ps 38 A 

VDE 0433 { 10/700 ps 2 kV 
5/200 us 50 A 

CNET 0.5/700 ys 1.5 kV 
0.2/310 us 38 A 


SCHEMATIC DIAGRAM 


Line 
Gate-P 
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L3121B 


ABSOLUTE RATINGS (limiting values) (- 40°C < Tamb < +85°C) 


Parameter 


Peak pulse current A 
250 
ce 


Non repetitive surge peak on-state current tp=10ms 50 
di/dt Critical rate of rise of on-state current Non repetitive 
V 
V 


VMLG Maximum voltage LINE/GND. 100 
VMGL Maximum voltage GATE/LINE. 80 
Storage and operating junction temperature range - 40 to + 150 
Tj 150 °C 
J 


Pulse waveform 10/1000us 


THERMAL RESISTANCE 
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ELECTRICAL CHARACTERISTICS. 


90 Beatoveraurent 
[pe | Peakulecurens 


OPERATION WITHOUT GATE. 


IRM @ VRM VBR @ IR IH VT C 
max min min max max 
note 1 note 2 note 3 


jp wA | vo | vi | mA | v_ | mA | mA | mA | Vv | op 


8 90 


OPERATION WITH GATES. 


All parameters tested at 25°C, except where indicated. 


Yen @ IGN = 200mA IGN @ Vac =60V Igp @ Vac = 60V 


a 


Note 1: See the reference test circuit for IH, lao and Vao parameters. 
Note 2: Square pulse Tp= 500s - = 1A. 
Note3:  Va=5V, F=1Mb#z. 
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REFERENCE TEST CIRCUIT FOR Ih, Iso and Vso parameters : 


Tp = 20ms 
Auto 
Transformer 
220V/2A 


¢ 


VUUOONNYUY G00 | 
VOVVVO0V0G000) 
< 
‘e) 

c 
= 


VONUIUNO YY | 


IBo >! 
measure 


, 
Transformer 
220V/800V 
5A 


TEST PROCEDURE : 


» Pulse Test duration (Tp = 20ms): 

- For Bidirectional devices = Switch K is closed 

- For Unidirectional devices = Switch K is open. 
= Vout Selection 

- Device with Var < 150 Volt 

- Vout = 250 Vrms, Ri = 140 Q. 
- Device with Var = 150 Volt 
- Vout = 480 Vrs, Re = 240 22. 


FUNCTIONAL HOLDING CURRENT (Iq) TEST CIRCUIT = GO - NOGO TEST. 


15Q Switch 


250 


Vbat = 48V 


Surge Generator 
10/700 psec 
Vp =1KV/Ipp = 25A 


This is a GO-NOGO Test which allows to confirm the holding current (IH) level in a functional test circuit. 
This test can be performed if the reference test circuit can’t be implemented. 


TEST PROCEDURE : 


1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : Ipp = 25A , 10/700 us. 
3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. 
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Figure 1 : Non-repetitive surge peak on state 
current versus number of cycles. (with sinusoidal 
pluse: F = 50 Hz). 
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Figure 3 Relative variation of breakdown 
voltage versus ambient temperature. 
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Figure 2 : Relative variation of holding current 
versus junction temperature. 
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Figure 4 : Junction capacitance versus reverse 
applied voltage. 


C (pF) 


Festi HH 


100 


N 9/6 


507 


L3121B 


APPLICATION CIRCUIT 
Typical Slic Protection Concept. 


MARKING : Logo, Date Code,part Number. 
PACKAGING : Products supplied in antistatic tubes. 


PACKAGE MECHANICAL DATA (inmillimeters) 
SIP 4 Plastic 


| 10.15 mm - - 


0 Bez eed 90 
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LCP150S 


PROGRAMMABLE TRANSIENT VOLTAGE SUPPRESSOR FOR 
SLIC PROTECTION 


FEATURES 


a DUAL PROGRAMMABLE TRANSIENT 
SUPPRESSOR. 
a HIGH SURGE CURRENT CAPABILITY 
- Ipp = 50 A, 10/1000 us. 
- lpp = 60 A, 5/320 us. 
- Ipp = 150 A, 2/10 us. 
a WIDE NEGATIVE FIRING VOLTAGE RANGE: 
Vue = -80 V max 
a HOLDING CURRENT = 150 mA min. 
a LOW GATE TRIGGERING CURRENT: 
let = 15 mA max. 


DESCRIPTION 


This device has been especially designed to 
protect subscfiber line card interfaces (SLIC) 
against transient overvoltages. 


Positive overloads are clipped with two diodes. 
When negative surges are suppressed by two 
protection thyristors, the breakdown voltage of 
which is referenced to the -Vbat. 


This component presents a very low gate 
triggering current (Iat) in order to reduce the 
current comsumption on PC board during the 
firing phase. 


CONNECTION DIAGRAM 


SIP 4 
(Plastic) 


IN ACCORDANCE WITH FOLLOWING 
STANDARDS : 


CCITT K17 - K20 { 10/700 us 1.5 kV 
5/310 us 38 A 

VDE 0433 { 10/700 us 2 kV 
5/200 us 50 A 

CNET { 0.5/700 us 1.5kV 
0.2/310 ps 38 A 


SCHEMATIC DIAGRAM 
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ABSOLUTE RATINGS (limiting values) (-40°C < Tamb < +85°C) 


Peak pulse current 10/1000 ps 
5/320 us 
see note 1. 2/10 us 


ITSM Non repetitive surge peak on-state current tp = 10ms A 
F = 50 Hz tp=1s 
IGSM Maximum gate current (hall sine wave 10 ms) A 


VMLG Maximum Voltage LINE/GND - 100 V 
VMGL Maximum Voltage GATE/LINE - 80 
Storage and operating junction temperature range 
j 


Note 1: Pulse waveform 
10/1000 ps tr=10 ps tp = 1000 us 


5/320 ps tr=5 ps tp = 320 us % \pp 
2/10 us tr=2 US, tp = 10 ps 
t 
THERMAL RESISTANCE 


Rth (j-a) | Junction-to-ambient | mw °C/W 
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ELECTRICAL CHARACTERISTICS 


Parameter 


IaT | Gate Trigger Current 
IH Holding Current 
Reverse Leakage Current LINE/GND 
Reverse Leakage Current GATE/LINE 
VR Reverse Voltage LINE/GND 
VE Forward Voltage LINE/GND 
VGT | Gate Trigger Voltage 
Vep_ |Peak Forward Voltage LINE/GND 


VSGL_ |Dynamic Switching Voltage GND/LINE 


GATE/GND Voltage 
LINE/GND Voltage 


Critical Rate of rise of off State Voltage 
VT On State Voltage 


Off State Capacitance LINE/GND 


PARAMETERS RELATED TO THE DIODE LINE/GND 


Symbol Test Conditions i [Mex [unt 
| Ve |Square pulse, Tp = 500 us, IF = 5 A 


RG 


PARAMETERS RELATED TO PROTECTION THYRISTOR 


[Symbor[—~=S*S*S*S*C~ Conon ——SSSSSSC~*dC || 
Pict [Venoune=“eVSS~*~—S~—“—~S~S || 


0.2 A 
Ty Weare.aev SSSSCS~S~Sto «ST 


VsGL_|VGATE= -48 V | __ Note 2. pa | eee 
Vt  |Square pulse, Tp = 500 us, IT = O.5A 3 V 
Square pulse, Tp = 500 us, IT = 3A 4 V 
-1 < VaL < -Vbat 5 pA 
-1< VG@L < -Vbat 50 LA 
Coff |VR=-3V F < 1MHz 150 pF 
VR=-48V F < 1MHz 80 pF 


A\l Parameters Tested at 25 °C except when indicated. 


Note 2 : See test circuit for Iq and Vsat. 
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Figure 1 : Non repetitive surge peak on-state 
current. (with sinusoidal pulse : f =50Hz) 


ITSM (A) 


10 100 1000 


TEST CIRCUIT FOR Ih AND Vse_ PARAMETERS. 


Vbat = - 48V Surge Generator 


10/1000 psec 
Ipp = 40A 


This is a GO-NOGO Test which allows to confirm the holding current (ly) level, and to measure 
the dynamic switching voltage (VSGL). 


TEST PROCEDURE : 


1) Adjust the current level at the ly value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 40A , 10/1000 us. 
3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. 


a The Vset is measured just before firing. 
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LCP150S 


APPLICATION CIRCUIT 
Typical slic protection concept 


Ring generator 


paras | 


FUNCTIONAL DESCRIPTION 


LINE A PROTECTION: 

- For positive surges versus GND, the diode 
D1 will conduct. 

- For negative surges versus GND, the 
protection device P1 will trigger at a voltage 
fixed by the -VBAT reference. 


LINE B PROTECTION: 
- For surges on Line B, the operating mode is 
the same , D2 or P2 is activated. 


- A capacitor (C = 220nF) can be added close 
to the gate of the LCP15xx, in order to speed 
up the triggering. 
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LCP150S 


ORDER CODE 


LINE CARD PROTECTION PACKAGE 
S = SIP4 PLASTIC 


HOLDING CURRENT :150mA,___ dS 


MARKING = Logo, date code, LCP150S. 


PACKAGE MECHANICAL DATA (in millimeters) 
SIP 4 Plastic 


3.5 max 


| 10.15 max | | | 


ry 


| 0.38/0.50 


Packaging : Products supplied in antistatic tubes. 
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MICROELECTRONICS LCP1512 
PROGRAMMABLE TRANSIENT VOLTAGE SUPPRESSOR FOR 
SLIC PROTECTION 

FEATURES 


a DUAL PROGRAMMABLE TRANSIENT 
SUPPRESSOR. 

= WIDE NEGATIVE FIRING VOLTAGE RANGE: 
Veua_ = -80 V max 

a HOLDING CURRENT = 150 mA. 

a LOW GATE TRIGGERING CURRENT: 
let = 15 mA max. 

= PEAK PULSE CURRENT : 
Ipp = 30 A, 10/1000 us 

a AVAILABLE IN SO 8 AND DIP 8. 


DESCRIPTION 


This device has been especially designed to ae Plasti 
protect subscriber line card interfaces (SLIC) (Plastic) (Plastic) 
against transient overvoltages. 


Positive overloads are clipped with two diodes. 
When negative surges are suppressed by two 
protection thyristors, the breakdown voltage of 
which is referenced to the -Vbat. 


This component presents a very low gate SCHEMATIC DIAGRAM 
triggering current (lat) in order to reduce the 
current comsumption on PC board during the 
firing phase . 

A particular attention has been given to the 
internal wire bonding . A "4-points configuration" 
ensures a reliable protection, eliminating the 
overvoltage introduced by the parasitic 
inductances of the wiring (Ldi/dt) especially for 
very fast transients. 


IN ACCORDANCE WITH FOLLOWING 


STANDARDS : 
CCITT K17 - K20 { 10/700 ps 1.5 kV 
5/310 us 38 A 
VDE 0433 { 10/700 us 2 kV 
5/200 us 50 A 
CNET f 0.5/700 ps 1.5 kV 
0.2/310 ps 38 A 
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LCP1511 / LCP1512 


ABSOLUTE RATINGS (limiting values) (-40°C < Tamb < +85°C) 


Peak pulse current 10/1000 Hs 
5/320 us re 


see note 1. 2/10 us 


90 - 
ITSM Non repetitive surge peak on-state current tp = 10 ms = A 
f = 50 Hz tp=1s 
gsm gsm | Maximum gate current (hall sine wave 10 ms) oe 


VMLG Maximum Voltage LINE/GND - 100 

VMGL Maximum Voltage GATE/LINE - 80 
Tstg Storage and operating junction temperature range - 55 to + 150 °C 
T; 150 °C 


Note 1: Pulse waveform 
10/1000 us tr= 10 ps tp = 1000 us om | 
5/320 pus tr=5 ps tp = 320 ps ee 
2/10 ps tr=2 us, tp = 10 ps 100 


THERMAL RESISTANCES 
ae ae — al 18 
Junction-to-ambient DIL 8 125 °C/W 
SO 8 171 °C/W 


Symbol 
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LCP1511 / LCP1512 


ELECTRICAL CHARACTERISTICS 


Parameter 
Gate Trigger Current 
IH Holding Current 
Reverse Leakage Current LINE/GND 
Reverse Leakage Current GATE/LINE 
VR Reverse Voltage LINE/GND 
VE Forward Voltage LINE/GND 
VGT  |Gate Trigger Voltage 
Peak Forward Voltage LINE/GND 
Dynamic Switching Voltage GND/LINE 


GATE/GND Voltage 
LINE/GND Voltage 


Critical Rate of rise of off State Voltage 
VT On State Voltage 


Off State Capacitance LINE/GND 


RG 


PARAMETERS RELATED TO THE DIODE LINE/GND 


Symbol Test Conditions [Max | Unit 


PARAMETERS RELATED TO PROTECTION THYRISTOR 


a 
om 


IRG |Te= 25°C VRG = -75V 5 A 
Tc = 70°C VRG = -75V 50 LA 


PVseL |Voate--asv Note, || 


Tc = 25°C -1 < VGL < -Vbat 


Te = 70°C -1< VGL < -Vbat 


F < 1MHz 
F < 1MHz 


All Parameters Tested at 25 °C except when indicated. 


Note 2: See test circuit for ly and Vser. 
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LCP1511 / LCP1512 


APPLICATION NOTE 
4 


Figure 1 : Non repetitive surge peak on-state 
current. (with sinusoidal pulse : F =50Hz) 


ITSM (A) 


4- points structure lay-out. 


In order to take advantage of the "4-points 
structure" of the LCPxxxx, the tip and Ring 
lines have to cross through the device. In this 
case, the device will eliminate the 
overvoltages generated by the parasitic 
inductances of the wiring (Ldi/dt), especially 
for very fast Transients. 


TEST CIRCUIT FOR Iq AND Vse. PARAMETERS 


Vbat = - 48V Surge Generator 


10/1000 psec 
Ipp = 30A 


) 


This is a GO-NOGO Test which allows to confirm the holding current (Ip) level, and to measure 
the dynamic switching voltage (VSGL). 


TEST PROCEDURE : 
1) Adjust the current level at the l,j value by short circuiting the AK of the D.U.T. 


2) Fire the D.U.T with a surge Current : Ipp = 30A , 10/1000 us. 
3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. — 


a The Vsat is measured just before firing. 
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LCP1511 / LCP1512 


APPLICATION CIRCUIT 
Typical slic protection concept 


Ring generator 


cect | 


FUNCTIONAL DESCRIPTION 


LINE A PROTECTION: 

- For positive surges versus GND, the diode 
D1 will conduct. 

- For negative surges versus GND, the 
protection device P1 will trigger at a voltage 
fixed by the -VBAT reference. 


LINE B PROTECTION: 
- For surges on Line B, the operating mode is 
the same , D2 or P2 is activated. 


- A capacitor (C = 220nF) can be added close 
to the gate of the LCP15xx, in order to speed 
up the triggering. 
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LCP1511 / LCP1512 


ORDER CODE 


PACKAGE 
LINE CARD PROTECTION 1=SO 8 PLASTIC 


2=DIL 8 PLASTIC 


HOLDING CURRENT : 150 mA ————» VERSION 


MARKING 


| Package | Type | Marking 
SO8 LCP1511 CP1511 
DIL8 LOP1512 CP1512 


Packaging : Products supplied in antistatic tubes. 


PACKAGE MECHANICAL DATA (in millimeters) 
DIL 8 Plastic SO 8 Plastic 


POOI-FWi 
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LCP1511 / LCP1512 


CONNECTION DIAGRAMS 
DIL 8 Plastic SO 8 Plastic 
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{ SGS-THOMSON LS5018B 
4 MICROELECTRONICS  LS5060B/LS5120B 


TRISIL 


FEATURES 


« BIDIRECTIONAL CROWBAR PROTECTION. 
a BREAKDOWN VOLTAGE RANGE: 
FROM 18 V To 120 V. 
s HOLDING CURRENT = 200 mA min. 
« HIGH SURGE CURRENT CAPABILITY 
Ipp=100A 10/1000 us 


DESCRIPTION 


The LS50xxB series has been designed to 
protect telecommunication equipment against 
lightning and transients induced by AC power 
lines- 

i ‘high surge current capability makes the 
LS50xxB a reliable protection device for very 

exposed equipment, or when series resistors are Sone cen 
very low. 


(Plastic) 


IN ACCORDANCE WITH FOLLOWING 


STANDARDS : 
CCITT K17 - K20 10/700 ps 1.5 kV 
5/310 us 38 A 
VDE 0433 10/700 ps 2 kV 
5/200 us 50 A 
CNET 0.5/700 us 1.5 kV 
0.2/310 ps 38 A 


ABSOLUTE RATINGS (limiting values) (- 40°C < Tamb < +85°C) 
eo 


ill onc Se a Re 
8/20 us 250 
sa_[esermcncerameores [eens [es A 


Storage and operating junction temperature range - 40 to + 150 i. 
150 °C 
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LS5018B/LS5060B/LS5120B 


THERMAL RESISTANCE 


{ 


ELECTRICAL CHARACTERISTICS. 


Tee omiowene 
Te [tina 


SSBBTAISIL4 


isso fe pw | | ee | pmo emo | so 
issoeos | io] 0 | | + | | | vom | mo | 9 | 10 


All parameters tested at 25°C, except where indicated. 


Note 1: See the reference test circuit for lH, lsoand Veo parameters. 
Note 2: Square pulse Tp= 500us - Ir= 1A. 
Note 3: Vra=5V, F = 1MHz. 
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LS5018B/LS5060B/LS5120B 


REFERENCE TEST CIRCUIT FOR In, Ibo and Veo parameters : 


Tp = 20ms 
Auto O 
Transformer 
220V/2A 


f 


oe aol 


K 
Vout D.U.T VBO 
IBo °!H = measure 
measure 


eens) 


VVVVVVOV00000N 


— 
— 

= 
—— 
— 

— 
—— 
=> 
= 
<— 
— 
—— 
—— 
— 


! 
| 
| 


NO OOOIVRRR 00) Y 


Transformer 
220V/800V 
5A 


TEST PROCEDURE : 


s Pulse Test duration (Tp = 20ms): 

- For Bidirectional devices = Switch K is closed 

- For Unidirectional devices = Switch K is open. 
= Vout Selection 

- Device with Var < 150 Volt 

- Vout = 250 Vrs, Ri = 140 Q. 
- Device with Var = 150 Volt 
- Vout = 480 Vrms, Re = 240 Q. 


FUNCTIONAL HOLDING CURRENT (In) TEST CIRCUIT = GO - NOGO TEST. 


15Q Switch 


Vbat = 48V . 


Surge Generator 
10/700 psec 
Vp =1KV/Ipp = 25A 


This is a GO-NOGO Test which allows to confirm the holding current (Iq) level in a functional test circuit. 
This test can be performed if the reference test circuit can’t be implemented. 


TEST PROCEDURE : 


1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A , 10/700 us. 
3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. 


AYf Bisorteemones 
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LS5018B/LS5060B/LS5120B 


Figure 1 : Non repetitive surge peak on state Figure 2 : Relative variation of holding current 
current versus number of cycles. (with sinusoidal versus ambient temperature. 


pluse: F = 50 Hz). 
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Figure 3 : Relative variation of breakdown Figure 4 : Junction capacitance versus reverse 


voltage versus ambient temperature. 
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SGS-THOMSON _ 
MICROELECTRONICS 


LS5018B/LS5060B/LS5120B 


PACKAGE MECHANICAL DATA (in millimeters). 
DIL 8 Plastic 


O04 


| BZmes 


POO1-FW1 


MARKING : Logo, Date Code,part Number. 
PACKAGING : Products supplied in antistatic tubes. 


Gy, SGS-THOMSON 
4 MICROELECTRONICS a 


P Shae eines 


fen 2G9-1HOMSON P6KE6V8P,A/440P,A 
IF WICROELECTRONICS | P6KE6V8CP,A/440CP,CA 


TRANSIL 


FEATURES 


a» PEAK PULSE POWER= 600 W @ ims. 

» BREAKDOWN VOLTAGE RANGE : 
From 6V8 to 440 V. 

e UNI AND BIDIRECTIONAL TYPES. 

es LOW CLAMPING FACTOR. 

s FAST RESPONSE TIME: 
Tclamping : 1ps (0 V to VBR). 

e UL RECOGNIZED. 


CB417 
(Plastic) 


DESCRIPTION MECHANICAL CHARACTERISTICS 

Transil diodes provide high overvoltage se Body marked with : Logo, Date Code, Type 
protection by clamping’ action. Their Code, and Cathode Band (for unidirectional 
instantaneous reponse to transients makes them types only). 

particularly suited to protect voltage sensitive = Tinned copper leads. 


devices such as MOS Technology and low 


a High temperature soldering. 
voltage supplied IC’s. 


ABSOLUTE RATINGS (limiting values) 


Power dissipation on infinite heatsink Tlead = 75°C 5 W 
See note 1 and derating curve Fig 1. 
IFSM Non repetitive surge peak forward current Tamb = 25°C 
For Unidirectional types. t=10 ms 
Tstg Storage and junction temperature range -65to+175 °C 
Tj 175 °C 
TL Maximum lead temperature for soldering 230 °C 
during 10 s. 
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P6KExx 


THERMAL RESISTANCES 


Rth (j-l) Junction-leads on infinite heatsink 
Rth (j-a) | Junction to ambient. on printed circuit. Llead = 10 mm 


ELECTRICAL CHARACTERISTICS 


Leakage current @ VRM. 
re [Siaecoe 
Voltage temperature coefficient. 


Forward Voltage drop 
VE <3.5V @ IF =50A. 


TYPES IRM @ VRM 
max 


Unidirectional Bidirectional Tua | ve | 


V 

P6KE6V8P | P P6KE6V8CP 5.8 
P P6KE6V8A | P P6KE6V8CA 
P6KE7V5P P6KE7V5CP 
P6KE7V5A | P P6KE7V5CA 


VBR @ 
min nom max 


aT Cc 
max typ 
note3 | note4 


vv | A [10-4 | (pF) | 
5.7 


P6KE8V2P_ | P P6KE8V2CP 
P P6KE8V2A P6KE8V2CA 
P6KE9V1P P6KE9V1CP 1 
P6KEOV1A P6KE9V1CA 1 
P P6KE10P P6KE10CP 1 
P6KE10A P6KE10CA | 
P6KE11P P6KE11CP 1 
P6KE11A P6KE11CA 5 | 
P P6KEi2P P P6KE12CP 5 1 
P6KE12A P6KE12CA 5 1 
P6KE13P P6KE13CP 5 1 
P P6KE13A P P6KE13CA 5 1 
P P6KE15P P P6KE15CP - 5 1 
P6KE15A P6KE15CA 5 1 
P6KE16P P6KE16CP 5 1 
P6KE16A P6KE16CA 5 1 
P P6KE18P P P6KE18CP 5 { 
P P6KE18A P P6KE18CA 5 1 
P6KE20P P P6KE20CP 5 1 
P P6KE20A P P6KE20CA 5 { 
P6KE22P P P6KE22CP 5 1 


P = Prefered device 
2/7 » 
a SS SOD 


PSKEXX 


IRM@VRM | VBR @ _ IR |VcL @IPP|VcL @ Ipp 
max min nom max | max max 
10/1000us 8/20us aie st 


Unidirectional {Bidirectional {wa |v _{v{v |v [mal vj a |v | a jroo] 104°C | 


VvU7T TU UU UU 


P = Prefered device 


P6KE22A 
P6KE24P 
P6KE24A 
P6KE27P 
P6KE27A 
P6KE30P 
P6KE30A 
P6KE33P 
P6KE33A 
P6KE36P 
P6KE36A 
P6KE39P 
P6KE39A 
P6KE43P 
P6KE43A 
P6KE47P 
P6KE47A 
P6KE51P 
P6KES1A 
P6KES56P 
P6KE56A 
P6KE62P 
P6KE62A 
P6KE68P 
P6KE68A 
P6KE75P 
P6KE75A 
P6KE82P 
P6KE82A 
P6KE91P 
P6KE91A 
P6KE100P 
P6KE100A 
P6KE110P 
P6KE110A 
P6KE120P 
P6KE120A 
P6KE130P 
P6KE130A 
P6KE150P 
P6KE150A 
P6KE160P 
P6KE160A 
P6KE170P 
P6KE170A 
P6KE180P 
P6KE180A 
P6KE200P 
P6KE200A 
P6KE220P 
P6KE220A 
P6KE250P 
P6KE250A 
P6KE280P 
P6KE280A 


P6KE22CA 
P6KE24CP 
P6KE24CA 
P6KE27CP 
P6KE27CA 
P6KE30CP 
P6KE30CA 
P6KE33CP 
P6KE33CA 
P6KE36CP 
P6KE36CA 
P6KE39CP 
P6KE39CA 
P6KE43CP 
P6KE43CA 
P6KE47CP 
P6KE47CA 
P6KE51CP 
P6KE51CA 
P6KE56CP 
P6KE56CA 
P6KE62CP 
P6KE62CA 
P6KE68CP 
P6KE68CA 
P6KE75CP 
P6KE75CA 
P6KE82CP 
P6KE82CA 
P6KE91CP 
P6KES1CA 
P6KE100CP 
P6KE100CA 
P6KE110CP 
P6KE110CA 
P6KE120CP 
P6KE120CA 
P6KE130CP 
P6KE130CA 
P6KE150CP 
P6KE150CA 
P6KE160CP 
P6KE160CA 
P6KE170CP 
P6KE170CA 
P6KE180CP 
P6KE180CA 
P6KE200CP 
P6KE200CA 
P6KE220CP 
P6KE220CA 
P6KE250CP 
P6KE250CA 
P6KE280CP 
P6KE280CA 
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5 
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5 
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5 
5 
5 
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5 
5 
5 
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5 
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P6KExx 
VBR @ 


TYPES IRM @ VRM IR | VCL@!pp}VcL@Ipp| oT C 
max min nom max max max max typ 
10/1000us 8/20us note3 a 


-Uniciectional | idrectional | wa |_v_{v {VV ma} _v | atv _| a_{roérel (pr) 


P6KE300P P6KE300CP 5 1 
P6KE300A P6KE300CA 5 1 
P6KE320P P6KE320CP 5 1 
P6KE320A P6KE320CA 5 1 
P6KE350P P6KE350CP 5 1 
P P6KE350A P6KE350CA 5 1 
P P6KE400P P P6KE400CP ) 1 
P6KE400A P6KE400CA 5 1 
P P6KE440P P P6KE440CP 5 1 
P6KE440A P6KE440CA 5 1 


All parameters tested at 25 °C, except where indicated. 


Figure 1: Power dissipation derating versus 


P = Prefered device : 
ambient temperature 


% Ipp 


Peak Power 
(on printed circuit). 


10ps 


100 


PULSE WAVEFORM 10/1000 ps 
50 }--f------- 


Average Power 
(on infinite heatsink). 


20 40 60 80 100 120 140 1 180 200 


Note 1: For surges greater than the maximum values, 
the diode will present a short-circuit Anode - Cathode. 


Note 2: Pulse test: Tp < 50 ms. 
Note 3: AVpr = aT (Ta - 25) + Varyesec) 


Note 4: VR=0V, F=1 MHz For bidirectional types, 
capacitance value is divided by 2. 
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Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 us 


t= 1ms_ ------------- 
t =10 ms)... 
Vet (VY) 
1000 a SS se ————————— 
P6KE 440P 2 Ss Oe Cas 
Bee ee = =e 
|_| 


.: pa 
og ae =e 


ai e 
ere 
rreeee| let eT 
ee rT 


i 2 2 oi 
mies 6p OU aaSosttees oS ais ae ee ec oe ne mt 
a ee ee -——-——| tH 

= PBKE S9R = eee les ae 


CE al = bee 000i oes SEE 
Ee i eee ae THE ri eee 
SOR AP eee Seer 


P6KE 6V8 eee ree ote as ene 
— Leta! 


100 


10 


imine san 


0.1 100 1000 


Note : The curves of the figure 3 are specified for a junction temperature of 25 °C before surge. 


a 7.2 


The given results may be extrapolated for other junction temperatures by using the following formula : 


AV (BR) = aT (V(BR)) * [Ta -25] * V (BR). 
For intermediate voltages, extrapolate the given results. 


Ayy BiSctvmones 
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P6KExx 


Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 


is na Tj = 25°C 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 
Note : For units with Var > 200 V 
Ve is twice than shown 
lem (A) 
Tj initial 
25°C 
150°C- - — 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with L tead = 10mm. 
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ORDER CODE. 


P6 KE 


600 W.—_| 


BREAKDOWN VOLTAGE 


+ 


~ BIDIRECTIONAL 


P6KExx 


A RL 
fis PACKAGING: 
= Ammopack 
RL = Tape and reel. 


TOLERANCE : 
A =+/- 5% 
P= -5%, +10%. 


MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 


PACKAGE MECHANICAL DATA 
CB417 (Plastic). 


Kall Pee Pe 
min max min max 

| bp | -- | 1002 | - | 0.043 | 

| @o | - | se | - | 0145 | 

ee ae a ee 

pot | -24 | - | 1000 | - | 

ee ee a ee ee 


note1:The diameter © be is not controlled over zone L; 
Weight = 0.65 g. 


Packaging : standard packaging is in tape and reel. 
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Ays G5 THOMSON SA100 SERIES 


SURGE ARRESTORS 


FEATURES 

e SOLID STATE SURGE ARRESTOR 

a VOLTAGE RANGE = 200 V TO 265 V 

a TIGHT VOLTAGE TOLERANCE 

x» FAST RESPONSE TIME 

es VERY LOW AND STABLE LEAKAGE 
CURRENT 

ms REPETITIVE SURGE CAPABILITY 
lpp = 100 A, 10/1000 us 

a FAIL-SAFE WHEN DESTROYED 


DESCRIPTION 


Bidirectional device used for primary protection in BUTTON CELL 
telecom equipments. 

Providing long service life, and adapted for sensitive 

electronic equipments protection. 

lf destroyed the component will continue to 

guarantee a protection with a permanent short 

circuit, meaning "fail save criteria" . This particular 

behaviour will also allow an easy failure detection on 

the line. 


ABSOLUTE RATINGS (limiting values) - 40°C < Tamb < +80°C 


al oe ae 
[| Faisne cio ——SSS~dSCt |i 


Non Repetitive Surge Peak on-state Current 
sation ee ee 
ITSM S0HZ a 


ee a ae a 
Critical Rate of Rise of on-state Voltage. | 67%Ven | 1 kKV/us 
Pte, | Maximum Lead Temperature to Soldering During 10 s. ae see ee 
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SA100 SERIES 


ELECTRICAL CHARACTERISTICS 


Parameter 


On-state Voltage 


Breakover Current 


Type Inm @ VaM Ver @ Ir Veo | VBO | VBO | Iso IH VT C 
min. min. min. max. 
note 1 | note 2 | note3 | note 1 | note1 | note4 | note5 
romfo [om foml om | m| om fom fom] | 
SA100-300 10 225 265 1 400 400 400 200 260 3.5 200 


All parameters tested at 25°C, except where indicated. 


Note 1: See the reference test circuit for IH,IBo and VBo parameters 
Note 2: Varise = 100V/us. 

Note 3: VRISE = 1KV/us, di/dt < 10A/Us, IPP= 10A. 

Note 4: Square pulse, Tp = 500 ps, IT=5A. 

Note 5: VR=OV,F=1 MHz. 


ORDER CODE 


SA 100 - 300 -3E 


Surge Arrestor 


Ver: voltage range 


100A «—— 


Product Availability is Submitted to Restricted Conditions- Consult Factory. 
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SA100 SERIES 


REFERENCE TEST CIRCUIT FOR I, Iso and Vgo parameters : 


Tp = 20ms 


Auto 
Transformer 
220V/2A 


220v FY ¢ 


NOU VOO UNO UU YY 


POLAT TTT 
< 
Oo 
= 
<= 
w 
O 


NONOOKGON NYY Y 


i l D.U.T 
BO >'H measure 
wala 


| 
| 
| 


Transformer 
220V/800V 
5A 


TEST PROCEDURE : 


©) 


n Pulse Test duration (Tp = 20ms): 

- For Bidirectional devices = Switch K is closed 

- For Unidirectional devices = Switch K is open. 
ce Vout Selection 

- Device with Ver < 150 Volt 

- Vout = 250 Vrms, Ri = 140 Q. 
- Device with Ver = 150 Volt 
- Vout = 480 Vrms, Re = 240 Q. 


FUNCTIONAL HOLDING CURRENT (Iq) TEST CIRCUIT = GO - NOGO TEST. 


15Q Switch 


Vbat = 48V 


Surge Generator 
10/700 psec 
Vp =1KV/Ipp = 25A 


This is a GO-NOGO Test which allows to confirm the holding current (1H) level in a functional test circult. 
this test can be performed if the reference test circuit can’t be implemented. 


TEST PROCEDURE : 


1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A , 10/700 us. 
3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. 


A5q Spores 


in Qel, 
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SA100 SERIES 


APPLICATION DIAGRAM 


TELECOM 
LINE 


EQUIPMENT 


PRIMARY 
PROTECTION 
MODULE 

WITH 2 TERMINATION 


SA100-xxx 


TELECOM 
LINE 


MECHANICAL DATA 
BUTTON CELL (Millimeters) 


@ 4.09 max outline 


Packaging : Products are supplied in tubes. 
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STi SGS-THOMSON SM4T6V8,A/220,A 
‘YH WICROELECTROMICS  smaT6vsc.ca/220C.CA 


TRANSIL 


FEATURES 


« PEAK PULSE POWER= 400 W @ 1ms. 

e BREAKDOWN VOLTAGE RANGE : 
From 6V8 to 220 V. 

a UNI AND BIDIRECTIONAL TYPES. 

se LOW CLAMPING FACTOR. 

aw FAST RESPONSE TIME: 
Tclamping : 1ps (0 V to VBR). 

» JEDEC REGISTRED. 


SOD 6 
(Plastic) 


ED LON MECHANICAL CHARACTERISTICS 
Transil diodes provide high  overvoltage 
protection by clamping action. _ Their se Body marked with : Logo, Date Code, Type 


instantaneous reponse to transients makes them Code and Cathode Band (for unidirectional 
praticularly suited to protect voltage sensitive types only), 

devices such as MOS Technology and low e Full compatibility with both gluing and paste 
voltage supplied IC’s. soldering technologies. 


Excellent on board stability. 
e Tinned copper leads. 
High temperature resistant resin. 


ABSOLUTE RATINGS (limiting values) 


Peak pulse power dissipation Tamb = 25°C 
See note 1 and derating curve Fig 1. 
Power dissipation on infinite heatsink Tlead = 50°C 
See note 1 and derating curve Fig 1. 
lIFSM Non repetitive surge peak forward current. Tamb = 25°C 
For unidirectional types. t=10 ms 
9 Storage and junction temperature range -65to +175 °C 
150 °C 
Maximum lead temperature for soldering 
during 10 s. 
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SM4Txx 


THERMAL RESISTANCES 


Rth (j-! Junction-leads on infinite heatsink 


Rth (j-a) Junction to ambiant. on printed circuit. 
With standard footprint dimensions. 


ELECTRICAL CHARACTERISTICS 


SM4T6V8 
SM4T6V8A 


2/6 


542 


r 
IRM @ VRuM 
TYPES — 


Uni Bi LA 
directional directional 


Tr sien 


Forward Voltage drop 
VE <3.5V @ IF =25A. 


QD |SM4T6V8C 


10 

10 
SM4T7V5 SM4T7V5C 10 
SM4T7V5A SM4T7V5CA 10 
SM4T10 SM4T10C 1 
SM4T10A SM4T10CA 1 
SM47T12 SM4T12C 5 1 
SM4T12A SM4T12CA 5 1 
SM4T15 5 1 
SM4T15A SM4T15CA 5 1 
SM4T18 SM4T18C 5 1 
SM4T18A SM4T18CA fs) 1 
SM4T22 SM4T22C 5 1 
SM4T22A SM4T22CA 5 1 
SM4T24 SM4T24C 5 1 
SM4T24A SM4T24CA 5 1 
SM4T27 SM4T27C 5 1 
SM4T27A SM4T27CA 5 1 
SM4T30 SM4T30C 5 1 
SM4T30A SM4T30C4 5 1 
SM4T33 SM4T33C rs) 1 
SM4T33A SM4T33CA 5 1 
SM4T36 SM4T36C a) 1 
SM4T36A SM4T36CA 5 1 
SM4T39 5 1 
SM4T39 5 1 


SM4T6V8CA 


@ 


min nom max 


V 
5.8 


AY 7 BiSolaonones 


oT C 
max typ 
notes | note4 


may LA | | A [rel en 


SM4Txx 


TYPES InRM@VrRuM | VBR @ 
max min nom max max 
ae note3 | note4 


Uni LA 10-4/°C | (pF) 
directional Se eel 


'1SM4T68 = |SN |SM4T68C 

SM4T68A |SP |SM4T68CA 
SM4T100 SM4T100C 
SM4T100A SM4T100CA 
SM4T150 SM4T150C 
SM4T150A SM4T150CA’ 
SM4T200C 
SM4T200CA 
SM4T220C 
SM4T220CA 


annana aac na 
28) Se eek On a 


SM4T220A 


All parameters tested at 25 °C, except where indicated. 


= Marking 


~~ 


Figure 1: Power dissipation derating versus 
ambient temperature 


% Ipp 


10 us 


100 


Peak Power 
(on printed circuit). 


PULSE WAVEFORM 10/1000 ys 


50° | papennss=> 
Average Power 
(on infinite heatsink). 
0 t 
1000 ys 
Note 1: For surges greater than the maximum values, 20 40 60 80 100 120 140 160 NIE 200 


the diode will present a short-circuit Anode - Cathode. 
Note 2: Pulse test: Tp < 50 ms. 
Note3: AVsR=aT-: (Ta - 25) - Vars:c) 


Note 4: VR=OV, F =1 MHz. For bidirectional types, 
capacitance value is divided by 2. 
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SM4Txx 


Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 us 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 °C before surge. 
The given results may be extrapolated for other junction temperatures by using the following formula ° 
AV (BR) = &T (V(BR)) * [Ta -25] * V (BR). 

For intermediate valeaee Sapalte the given results. 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 


SM4Txx 


Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with standard footprint 
dimensions. 


Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 
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SM4Txx 


ORDER CODE 


SM 4 T 100 C'A 


SURFACE ene ——» TOLERANCE : 


A= +/- 5% 
= +/- 10% 


—_——+» BIDIRECTIONAL 


400 WAT T«— 


BREAKDOWN VOLTAGE 


MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 


PACKAGE MECHANICAL DATA 
SOD 6 (Plastic). 


bk Pe ae 

min max min max 
eo Bu 186) atv, | oer? |) 08a: 
| op | 539 | 559 | 0212 | 0.220 
Weight = 0.12 g. 


FOOTPRINT DIMENSIONS (Millimeter). 
SOD 6 Plastic. 


Packaging : standard packaging is in film. 
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wa SGS-THOMSON SM6T6V8,A/220,A 
JF WWICROELECTROMICS  smeTeVsc.cA/220C.CA 


TRANSIL 


FEATURES 


» PEAK PULSE POWER= 600 W @ ims. 

a BREAKDOWN VOLTAGE RANGE : 
From 6V8 to 220 V. 

es UNI AND BIDIRECTIONAL TYPES. 

a LOW CLAMPING FACTOR. 

a FAST RESPONSE TIME: 
Tclamping : 1ps (0 V to VBR). 

a JEDEC REGISTRED. 


SOD 6 
(Plastic) 


DESCRIPTION MECHANICAL CHARACTERISTICS 

Transil diodes provide high overvoltage a» Body marked with : Logo, Date Code, Type 
protection by clamping action. Their Code and Cathode Band (for unidirectional 
instantaneous reponse to transients makes them types only). 


particularly suited to protect voltage sensitive e Full compatibility with both gluing and paste 
devices such as MOS Technology and low soldering technologies. 


voltage supplied IC’s. a Excellent on board stability. 
Tinned copper leads. 
=» High temperature resistant resin. 


ABSOLUTE RATINGS (limiting values) 


= pulse power dissipation Tamb = 25°C 
See note 1 and derating curve Fig 1. 
Power dissipation on infinite heatsink Tlead = 50°C 
See note 1 and derating curve Fig 1. 
lFSM Non repetitive surge peak forward current. Tamb = 25°C 
For unidirectional types. t=10 ms 
9 Storage and junction temperature range -65to+175 °C 
150 °C 
Maximum lead temperature for soldering 260 
during 10 s. 
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SM6Txx 


THERMAL RESISTANCES 


| RG) (j-l) | RG) Junction- ‘Junction-leads on infiniteheatsink = ‘Junction-leads on infiniteheatsink = infinite heatsink 


per ferme 
With standard footprint dimensions. 

ELECTRICAL CHARACTERISTICS 
[tae va 
re [Semen 


Forward Voltage drop 
VE <3.5V @ IF = 50A. 
IRM @ VRM 
TYPES — 


Uni Bi LA 10-4/°C | (pF) 
directional directional 


SM6T6V8C 
eee 
SM6T7V5C 
SM6T7V5CA 
SM6T10C 
SM6T10CA 
SM6T12C 
SM6T12CA 


VBR @ 
min nom max 


SM6T15CA 
SM6T18C 
SM6T18CA 
SM6T22C 
SM6T22CA 
SM6T24C 
SM6T24CA 
SM6T27C 
SM6T27CA 
SM6T30C 
SM6T30CA 
SM6T33C 
SM6T33CA 
SM6T36C 
SM6T36CA 
SM6T39C 
SM6T39 


et a a a ee Sr a cn cn Ss Car Caen Came 6 


Anmaa»aqananaananananna aan 


Ay7, sonoma 


SM6Txx 


TYPES IRM @ VRM VCL @ aT Cc 
IPP 
max min nom max max max typ 
10/1000us note3 ae 
ec aac laa ove | ws [om 
directional directional 


SM6T68 SM6T68C 
SM6T68A SM6T68CA 
SM6T100 SM6T100C 
SM6T100A SM6T100CA 
SM6T150 SM6T150C 
SM6T150A SM6T150CA 
SM6T200 SM6T200C 
SM6T200A SM6T200CA 
SM6T220 SM6T220C 
SM6T220A SM6T220CA 


oo o1 ol oF O71 O1 OF O1 O1 
Sak. totes ee eR SR, Rk) wk 


All parameters tested at 25 °C, except where indicated. 
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Figure 1: Power dissipation derating versus 
ambient temperature 


% \pp 
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100 


Peak Power 
(on printed circuit). 


PULSE WAVEFORM 10/1000 ys 


50% pecpereesse 
Average Power 
(on infinite heatsink). 
0 t 
1000 ps 
Note 1: For surges greater than the maximum values, 20 40 60 80 100 120 140 IN 180 200 


the diode will present a short-circuit Anode - Cathode. 
Note 2: Pulse test: Tp < 50 ms 
Note 3: AVsr = aT + (Ta - 25) + Vari2s’c). 


Note 4: VR=0OV, F=1MdHz For bidirectional tybes, 
capacitance value !s divided by 2. 
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Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 us 
t= 1ms_ ------------- 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 °C before surge. 
The given results may be extrapolated for other junction temperatures by using the following formula : 
AV (BR) = @T (V(BR)) * [Ta -25] * V (BR). 

For intermediate voltages, extrapolate the given results. 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 


Tj initial 
25°C 
150°C- — — 


‘STA SGS-THONMSON 


SM6Txx 


Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 

junction-ambient versus pulse duration. For a 
mounting on PC Board with standard footprint | 
dimensions. 
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SM6Txx 


ORDER CODE 


SM 6 T 100 CA 


SURFACE MOUNT <—_ ——> TOLERANCE : 


A= +/- 5% 
= +/- 10% 


—_———+ BIDIRECTIONAL 


600 WAT T<— 


BREAKDOWN VOLTAGE 


MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 


PACKAGE MECHANICAL DATA 
SOD 6 (Plastic). 


Millimeters Inches 
min max min max 


|B | 196 | att | 0077 | 0.083 _| 
| o | 539 | sso | o212 | 0200 | 


Weight = 0.12 g. 


FOOTPRINT DIMENSIONS (Millimeter). 
SOD 6 Plastic. 


Packaging : standard packaging is in film. 


6/6 : 
—$___ 111+ kyg 8GSTHOMSON 


SGS-THOMSON SM15T6V8,A/220,A 
YH, MICROELECTRONICS SM15T6V8C,CA/220C,CA 


TRANSIL 


FEATURES 


=» PEAK PULSE POWER= 1500 W @ ims. 
a» BREAKDOWN VOLTAGE RANGE : 
From 6V8 to 220 V. 
» UNI AND BIDIRECTIONAL TYPES. 
a LOW CLAMPING FACTOR. 
a FAST RESPONSE TIME: 
Tclamping : 1ps (0 V to VBR). 


SOD 15 
(Plastic) 


DESCRIPTION 

: MECHANICAL CHARACTERISTICS 

Transil diodes provide high  overvoltage ; d 

protection by clamping action. Their ~# Body marked with : Logo, Date Code, Type 


instantaneous reponse to transients makes them Code, and Cathode Band (for unidirectional 
particularly suited to protect voltage sensitive types only). 

devices such as MOS Technology and low a Full compatibility with both gluing and paste 
voltage supplied IC’s. soldering technologies. 


=» Excellent on board stability. 
= Tinned copper leads. 
m High temperature resistant resin. 


ABSOLUTE RATINGS (limiting values) 


ca pulse power dissipation Tamb = 25°C 1500 
See note 1 and derating curve Fig 1. 
Power dissipation on infinite heatsink Tlead = 50°C 
See note 1 and derating curve Fig 1. 
IFSM Non repetitive surge peak forward current. Tamb = 25°C 250 A 
For unidirectional types. t=10 ms 
Tstg Storage and junction temperature range -65to+175 °C 
q 150 °C 
Te Maximum lead temperature for soldering 260 °C 
during 10 s. 
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THERMAL RESISTANCES 


With standard footprint dimensions. 
ELECTRICAL CHARACTERISTICS —_ : 


Stand-off voltage. 
Breakdown voltage. 


Clamping voltage. 


VCL 
Leakage current @ VRM. 
| pp Surge current. ) 


Voltage temperature coefficient. 
Forward Voltage drop 


VE <3.5V @ IF = 100A. 


IRM@VRuM | VBR @ VcL @ Ipp VCL @ Ipp aT C 
min nom max max max max j{ typ 
10/1000us note3 | note4 


ek Bk ES Ae tte ba 
; 5.7 


SM15T6V8 |SM15T6V8C 
SM15T6V8A |SM15T6V8CA 
SM15T7V5 | SM15T7V5C 
SM15T7V5A |SM15T7V5CA 
SM15T10C 
SM15T10CA 
SM15T12C 
SM15T12CA 
SM15T15C 
SM15T15CA 
SM15T18C 


SM15T27C 
SM15T27CA 


SM15T36A 
SM15T39 SM15T39C 
SM15T39 SM15T39 


ana a#nnan»n»anwaanrianainia6an an 
week kk ek ee a ee a ee a a 


Ce ee SGS-THOMSON 
MICROELECTRONICS 


VBR @ IR 


TYPES IRM @ VRM 
max min nom max 


VCL @ Ipp 
max 
‘a 000s 


VCL @ Ipp 
max 
on 


SM15Txx 


aT Cc 
max typ 
note3 | note4 


Uni LA 10-4/°C | (pF) 
directional Seen 


SM15T68 
SM15T68A 


SM15T68C 
SM15T68CA 
SM15T100C 
SM15T100CA 
SM15T150C 
SM15T150CA 
SM15T200C 
SM15T200CA 
SM15T220C 
SM15T220CA 


SM15T100 
SM15T100A 
SM15T150 
SM15T150A 
SM15T200 
SM15T200A 
SM15T220 
SM15T220A 


ana qnna una oo 


All parameters tested at 25 °C, except where indicated. 
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Figure 1: Power dissipation derating versus 


ambient temperature 


Average Power 
(on infinite heatsink). 


Peak Power 
(on printed circuit). 


ASIC 


0 
1000 ps 
Note 1 - For surges greater than the maximum values, 
the diode will present a short-circuit Anode - Cathode. 
Note 2 - Pulse test: Tp < 50 ms. 
Note 3 - AVer = aT « (Ta - 25) « Verresec). 
Note 4 -VR=0V, F=1 MHz. For bidirectional types, 


capacitance value is divided by 2. 


TYPES TYPES 
Unidirectional | Marking _ Bidirectional | Marking | Unidirectional | Marking | Bidirectional | Marking | 


SM15T6V8 
SM15T6V8A 
SM15T7V5 
SM15T7V5A 
SM15T10 
SM15T10A 
SM15T12 
SM15T12A 


SM15T15 
SM15T15A 
SM15T18 
SM15T18A 
SM15T22 
SM15T22A 


SM15T27A 


SM15T6V8C 


SM15T6V8CA 


SM15T7V5C 


SM15T12C 
SM15T12CA 
SM15T15C 
SM15T15CA 
SM15T18C 
SM15T18CA 
SM15T22C 
SM15T22CA 
SM15T24C 
SM15T24CA 
SM15T27C 
SM15T27CA 


SM15T30 
SM15T30A 


SMi5T68A 


S288... 3858 


20 40 60 80 100 120 140 160 180 200 


TYPES 


TYPES 


SM15T30C 
SM15T30CA 
SM15T33C 
SM15T33CA 
SM15T36C 
SM15T36CA 
SM15T39C 
SM15T39CA 
SM15T68C 
SM15T68CA 


SM15T100 
SM15T100A 


SM15T200A 
SM15T220 


SM15T220A 


ITA SGS-THOMSON 


SM15T220CA 
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Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 us 
t= 1mMS_ ------------- 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 °C before surge. 
The given results may be extrapolated for other junction temperatures by using the following formula : 
AV (BR) = &T (V(BR)) * [Ta -25] * V (BR). 

For intermediate voltages, extrapolate the given results. 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with standard footprint 
dimensions. 
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SM15Txx 


ORDER CODE 


SM 15 T 100 CA 


SURFACE rene | —r» TOLERANCE : 
A= +/- 5% 


= +/- 10% 
—_———+ BIDIRECTIONAL 


1500 WAT T«— 


BREAKDOWN VOLTAGE 


MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 


PACKAGE MECHANICAL DATA 
SOD 15 (Plastic). 


Millimeters Inches 
min max min max 


| 
re a eS ee ee ee 
eoBh sof 220s Ih Bae) ome |) 10128 
| bo | 76 | 80 | 0300 | 0.315 | 
| — | 63 | 66 | 0248 | 0.250 | 


Weight = 0.25 g. 


FOOTPRINT DIMENSIONS (Millimeter). 
SOD 15 Plastic. 


Packaging : standard packaging is in film. 
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Aye area atl SMA100 SERIES 


SURFACE MOUNT SURGE ARRESTORS 


FEATURES 


a SOLID STATE SURGE ARRESTOR 

we VOLTAGE RANGE = 200 V TO 265 V 

a TIGHT VOLTAGE TOLERANCE 

a FAST RESPONSE TIME 

a VERY LOW AND STABLE LEAKAGE ~ 
CURRENT 


a REPETITIVE SURGE CAPABILITY 
Ipp = 100 A, 10/1000 us 


a FAIL-SAFE WHEN DESTROYED 


DESCRIPTION 

Bidirectional device providing long service life used 
for primary protection in telecom equipments. 

lf destroyed the component will continue to gua- 
rantee protection with a permanent short circuit, 
i.e. the “fail safe criterian " . This behaviour will 
also allow an easy failure detection on the line. 


ABSOLUTE RATINGS (limiting values) - Ta = 25°C 


Symbol| Parameter, | Value | Unit 

ia Peak Pulse Current, 
| s2ous | 200 | A 

|_| FailSafeCriterian, | 820s, | tA 


Itsm_ | Non Repetitive Surge Peak on-state Current a ae See 
—— [sone [as 
Aa re Surge Peak on-state Current ee 


dv/dt | Critical Rate of Rise of on-state Voltage. 67% ae i ae 
Operating ambient temperature range - 20 to + 80 
Maximum Lead Temperature to Soldering During 10 s. a | rn icon 


April 1994 Ed:2A 1/4 


559 


SMA100 SERIES 


ELECTRICAL CHARACTERISTICS 


Holding Current 
On-state Voltage 
[be Bestoveruret 


Types IRM @ Vru Ver @ Ir Vso | VBO VBO Ibo Vr C 
max min. max. | max. | max. | min. typ. max. 
note 1 | note 2 | note 3 | note 1 | note 4 note 5 | note 6 


1 
y mw 
SMA100-300} 10 1 


350 100 260 3.5 200 
400 100 260 3.5 200 
All parameters tested at 25°C, except where indicated. 


Note 1: See the reference test circuit for |BO and VBO parameters 
Note2: VRISE=100V/us. 

Note3: VRISE = 1KV/us, di/dt < 10A/ts, IPP=10A 

Note 4: See functional holding current test circuit. 

Note5: Square pulse, TP = 500 ps, IT=5A. 

Note6: VR=O0V,F=1MHz., 


ORDER CODE 


oM 


A 100-300 
Surface Mount Arrestor _ = Ver: voltage range 


100A 


2/4 . 
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SMA100 SERIES 
REFERENCE TEST CIRCUIT FOR Iso and Veo parameters : 


[lL Tp =20ms 
Auto O 


Transformer R1 
220V/2A : 


R2 


Ye) "| |measure 
measure | 


VONVIIVOU YOUU 
NNOO0ON ORRIN YY 
NOVUVOVVIGUVNE 


Transformer 
220V/800V 
5A 


TEST PROCEDURE : 


= Pulse Test duration (Tp = 20ms): 

- For Bidirectional devices = Switch K is closed 

- For Unidirectional devices = Switch K is open. 
a Vout Selection 

- Device with Var < 150 Volt 

- Vout = 250 Vrms, Ri = 140 Q. 
- Device with Ver = 150 Volt 
- Vout = 480 Vrms, Re= 240 Q. 


FUNCTIONAL HOLDING CURRENT (IH) TEST CIRCUIT = GO - NOGO TEST. 


15Q Switch 


Vbat = 48V . 


Surge Generator 
10/700 psec 
Vp =1KV/ Ipp = 25A 


This is a functional test circuit which performs a GO-NOGO test on the holding current In. 
a TEST PROCEDURE : 
1) Adjust the current level at the In value by short circuiting the AK of the D.U.T. 


2) Fire the D.U.T with a surge Current : lpp = 25A, 10/700 us. 


3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. 
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SMA100 SERIES 


MECHANICAL DATA 
SOD 15 (Plastic) 


Millimeters Inches 


a min max min max 

a [foe |_| ame 
2 [ee [es foam | ore 
De [7s [eo [ose [oss 


MARKING : Logo, date code, device code. 


SMA100-230 W37 
SMA100-300 W45 


APPLICATION DIAGRAM 


TELECOM LINE 


PRIMARY NG EQUIPMENT 
PROTECTION 


MODULE = TERMINATION 
WITH 2 


SMA100-XXX 


TELECOM LINE 
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kyz 36S THOMSON SMTHBT200 


TRISIL FOR LINE CARD PROTECTION 


FEATURES 


a BIDIRECTIONAL CROWBAR PROTECTION. 
a PEAK PULSE CURRENT : 
- Ipp = 75 A, 10/1000 us. 
a HOLDING CURRENT = 150 mA min 
» BREAKDOWN VOLTAGE = 200 V min. 
a BREAKOVER VOLTAGE = 290 V max. 


cz 


SOD 15 
(Plastic) 


DESCRIPTION 


This protection device has been especially © SCHEMATIC DIAGRAM 
designed to protect subscriber line cards using 

SLICS without integrated ring generators. 

The SMTHBT200 device protects ring generator 

relays against transient overvoltages. 


IN ACCORDANCE WITH FOLLOWING 


STANDARDS : 
CCITT K17 - K20 { 10/700 us 1.5 kV 
5/310 Us 38 A 
VDE 0433 { 10/700 ys 2 kV 
5/200 us 50 A 
CNET f 0.5/700 us 1.5 kV 
0.2/310 ps 38 A 
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SMTHBT200 


ABSOLUTE RATINGS (limiting values) (-40°C < Tamb < + 85°C) 
sims [Pam |e 


CA er a ee 
8/20 us 150 


Tstg Storage and operating junction temperature range - 40 to + 150 °C 
Tj 150 °C 
Maximum lead temperature for soldering during 10 s. 


% Inp 
100 


TORS 


Pulse waveform 10/1000us 


0 
1000 us 
THERMAL RESISTANCES 


2/7 . : 
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SMTHBT200 


ELECTRICAL CHARACTERISTICS 


eo [Basan 
ve [Pataicares 


JBBTAISILA 
TYPE IRM @ VRM VBR @ Ir lH VT Cc 
max min min | max | max 
note1 | note2 | note3 
ua | ov | ov | oma |v | ma | ma | ma | ov | oF 
famveram [we [wo | ae | + | aw [wo | mo) wo | ® [ao 


All parameters tested at 25°C, except where indicated 


Vv 
Vam {Vso 
VBR 


Note 1 : See the reference test circuit for lH, Iso and Vago parameters. 
Note 2 : Square pulse Tp = 500 ps - hk =5A. 
Note 3: Va=1V, F = 1MHz. 


. 3/7 
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SMTHBT200 
REFERENCE TEST CIRCUIT FOR Ih, Iso and Veo parameters : 


[1 Tp =20ms 
Auto O 
Transformer 
220V/2A Ay [static 
relay. 
ee 


IBo > 'H “"*' | |lmeasure 
measure i 


f 


Vout 


1000000009000 9 
PNOVOROR0N 0000 
VODVVOVVIIVINN 


Transformer 
220V/800V 
5A 


TEST PROCEDURE : 


= Pulse Test duration (Tp = 20ms): 

- For Bidirectional devices = Switch K is closed 

- For Unidirectional devices = Switch K is open. 
= Vout Selection 

- Device with Var < 150 Volt 

- Vout = 250 Vrms, Ri = 140 Q. 
- Device with Var = 150 Volt 
- Vout = 480 Vrms, Re = 240 ©. 


FUNCTIONAL HOLDING CURRENT (IH) TEST CIRCUIT =GO - NOGO TEST. 


15Q Switch 


Vbat = 48V 


Surge Generator 
10/700 psec 
Vp =1KV/Ipp = 25A 


This is aGO-NOGO Test which allows to confirm the holding current (1}4) level in a functional test circuit. 
This test can be performed if the reference test circuit can’t be implemented. 


TEST PROCEDURE : 


1) Adjust the current level at the In value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A , 10/700 us. 
3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. 
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SMTHBT200 


Figure 1 : Relative variation of holding current Figure 2 : Non repetitive surge peak on state 
versus junction temperature. current versus number of cycles (1 cycle = 20 
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Figure 3 : Peak on state voltage versus peak on Figure 5 : Capacitance versus reverse applied 
state current (typical values). voltage (typical values). 
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SMTHBT200 


APPLICATION CIRCUIT 
Typical line card protection concept. 


- Vbat GND 
Ring 
i LJ _ B 


i 


se eee 


integrated 


SLIC 


< 


2 * SMTHBT200 2 * SMTHDT58 


FUNCTIONAL DESCRIPTION 


LINE A AND LINE B PROTECTION. 
Each line (TIP and RING) is protected by the 


bidirectional Trisil, which triggers at a maximum 
voltage equal to the Vso. 


6/7 ‘ 
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SMTHBT200 


ORDER CODE 


SM THBT 200 


SURFACE al 
BREAKDOWN VOLTAGE 
BIDIRECTIONAL TRISIL , 


MARKING = Logo, WO4 


PACKAGE MECHANICAL DATA . 
SOD 15 Plastic. . 


Millimeters Inches 
min max min max 


| = | o2 | - | 0008 | 
Pen || 80. . 
ee eae | 


Ce 


i 


0.051 


Packaging : Standard packaging is in film. 
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ky7 SES THOMSON SMTPA SERIES 


TRISIL 


‘FEATURES 


» BIDIRECTIONAL CROWBAR PROTECTION. 
« BREAKDOWN VOLTAGE RANGE: 
From 62 V To 270 V. 
a HOLDING CURRENT = 150 mA min 
» PEAK PULSE CURRENT : 
Ipp = 50 A, 10/1000 us. 


DESCRIPTION SOD 6 


(Plastic) 
The SMTPAxx series has been designed to 


protect telecommunication equipments against 
lightning and transient induced by AC power 


lines. SCHEMATIC DIAGRAM 


IN ACCORDANCE WITH FOLLOWING 


STANDARDS : 
CCITT K17 - K20 f 10/700 ps 1.5 kV 
5/310 us 38 A 
VDE 0433 { 10/700 ps 2 kV 
5/200 us 50 A 
CNET f 0.5/700 us 1.5 kV 
0.2/310 ps 38 A 


ABSOLUTE RATINGS (limiting values) (-40°C < Tamb < + 85°C) 


PP Power dissipation on infinite heatsink Tlead = 50 °C Pw 


2S et asaae BE 4-2) 
8/20 us 100 

[rar [Noreinesopenateraacaron | w-z0m | | A 

a _[ennctaesevamearn [ve [| 


9 Storage and operating junction temperature range - 40 to + 150 °C 
150 <s 
<_s Maximum lead temperature for soldering during 10 s. p80 
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SMTPAxxx 


THERMAL RESISTANCES 


Rth (j-l) Junction to leads. on infinite heatsink. pm °C/W 


20 
Rth (j-a) | Junction to ambient. on printed circuit 100 
with standard footprint dimensions. 


ELECTRICAL CHARACTERISTICS 


VT 


V 
Vram /VBO 
VBR 


a On-state voltage 
[0 [assoc 
re [Ponies 


IRM @ VRM VBR @ IR VBO @ IBo 
: max min max max 
A V V 


ae ee 


2 1 
2 1 
2 1 
2 1 
2 1 
2 1 
2 1 
2 1 
2 1 
2 1 


MONMNMNNNNNN ND PY 


SMTPA270 


All parameters tested at 25°C, except where indicated. 


Note 1: See the reference test circuit for lu, Iso and Veo parameters. 
Note 2: Square pulse Tp = 1 ms- Ir=3A 
Note 3: VrR=1V, F = 1MHz. 
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SMTPAxxx 
REFERENCE TEST CIRCUIT FOR In, Iso and Vso parameters : 


[lL Tp =20ms 


Auto 


Transformer 2 
220V/2A Ay [static 


| 


o—{| 1400 | 
relay. —| >} 


=< 


f 


K 


IBo o'H 
measure 


Vout 


HONNVOG00R00) Y 
NVVOVOVVVO000I 


NOONOQVOGV IO G 


| 


Transformer 
220V/800V 
5A 


TEST PROCEDURE : 


a Pulse Test duration (Tp = 20ms): 

- For Bidirectional devices = Switch K is closed 

- For Unidirectional devices = Switch K is open. 
= Vout Selection 

- Device with Var < 150 Volt 

- Vout = 250 Vrms, Ri = 140 Q. 
- Device with Ver 2 150 Volt 
- Vout = 480 Vras, Re = 240 ©. 


FUNCTIONAL HOLDING CURRENT (IH) TEST CIRCUIT = GO - NOGO TEST. 


250 159 Switch 


Vbat = 48V 


Surge Generator 
10/700 psec 
Vp =1KV/Ipp = 25A 


This is a GO-NOGO Test which allows to confirm the holding current (Iq) level in a functional test circuit. 
This test can be performed if the reference test circuit can’t be implemented. 


TEST PROCEDURE : 


1) Adjust the current level at the Iq value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A , 10/700 us. 
3) The D.U.T will come back to the OFF-State withing a duration of 50 ms max. 
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SMTPAxxx 


Figure 1 : Non repetitive surge peak on state Figure 2 : On state characteristics (typical 
current versus number of cycles. (with sinusoidal values). 
pulse: F= 50 Hz). 2 
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Figure 3 : Relative variation of holding current 
versus junction temperature. 


HIT; ] 
IHIT j= 25°C] 
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SMTPAxxx 


ORDER CODE 


SURFACE MOUNT 


BREAKDOWN VOLTAGE 


TRISIL 50 A 


MARKING : Logo, date code, type code. 


PACKAGE MECHANICAL DATA. 
SOD 6 Plastic. 


bel Pe Pa 
min max min max 
|B | 196 | 241 | 0077 | 0.083 | 


5.39 


FOOTPRINT DIMENSIONS (Millimeters) 
SOD 6 Plastic. 


“hel 
\fZ G 


ZL) 


Packaging : Standard packaging is in film. 
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kz Shs TOON SMTPB SERIES 


TRISIL 


FEATURES 


a BIDIRECTIONAL CROWBAR PROTECTION. 
x» BREAKDOWN VOLTAGE RANGE: 
From 62 V To 270 V. 
» HOLDING CURRENT = 150 mA min 
a PEAK PULSE CURRENT : 
Ipp = 90 A, 10/1000 us. 


DESCRIPTION SOD 15 
(Plastic) 


The SMTPBxx series has been designed to 
protect telecommunication equipment against 
lightning and transient induced by AC power 


lines. SCHEMATIC DIAGRAM 


IN ACCORDANCE WITH FOLLOWING 


STANDARDS : 
CCITT K17 - K20 10/700 ps 1.5 kV 
5/310 ps 38 A 
VDE 0433 { 10/700 ps 2 kV 
5/200 us 50 A 
CNET f 0.5/700 us 1.5 kV 
0.2/310 us 38 A 


ABSOLUTE RATINGS (limiting values) (-40°C < Tamb S$ + 85°C) 


rome Peewee 

rc 

Ed en 5 
8/20 us 150 


di/dt Critical rate of rise of on-state current Non repetitive ey 
dv/dt Critical rate of rise of off-state voltage 67% VBR ae ee KV/us 


"99 Storage and operating junction temperature range - 40 to + 150 °C 
+ 150 <r 
<a Maximum lead temperature for soldering during 10 s. 4260 | 4260 | 
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SMTPBxxx 


THERMAL RESISTANCES 


Rth (j-l) Junction to leads. On infinite heatsink. 


with standard footprint dimensions. 
ELECTRICAL CHARACTERISTICS 
ee [Baten 
ce [ees 


VBo @ Iso 
max max 


SMTPB180 
SMTPB200 
SMTPB220 
SMTPB240 
SMTPB270 


All parameters tested at 25°C, except where indicated. 


2 1 
2 1 
2 1 
2 1 
2 1 
2 1 
2 1 
2 1 
2 1 
2 1 


Note 1: See the reference test circurt for lu, Iso and Veo parameters. 
Note 2: Square pulse Tp = 1 ms- lr =5A. 
Note 3: VR=1V, F = 1MHz. 
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SMTPBxxx 


REFERENCE TEST CIRCUIT FOR In, Iso and Veo parameters : 


Auto 
Transformer 
220V/2A 


Vout 


NOVVVIRVV0000) 


NOOVOVOVOV OGY 
NOON OIONOI NYY 


.U.T 
BO '°H measure 
measure 


=, 
Transformer 
220V/800V 
5A 


TEST PROCEDURE : 


x» Pulse Test duration (Tp = 20ms): 

- For Bidirectional devices = Switch K is closed 

- For Unidirectional devices = Switch K is open. 
a Vout Selection 

- Device with Var < 150 Volt 

- Vout = 250 Vrms, Ri = 140 Q. 
- Device with Var = 150 Volt 
- Vout = 480 Vrs, Re = 240 Q. 


FUNCTIONAL HOLDING CURRENT (IH) TEST CIRCUIT = GO - NOGO TEST. 


159 Switch 


Surge Generator 
10/700 psec 
Vp =1KV/Ipp = 25A 


This is a GO-NOGO Test which allows to confirm the holding current (lq) level in a functional test circuit. 
This test can be performed if the reference test circuit can’t be implemented. 


TEST PROCEDURE : 


1) Adjust the current level at the In value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : Ipp = 25A , 10/700 us. 
3) The D.U.T will come back to the OFF-State withing a duration of 50 ms max. 
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SMTPBxxx 


Figure 1 : Non repetitive surge peak on state Figure 2 : On - state characteristics (typical 
current versus number of cycles. (with sinusoidal values). 
pluse: F= 50 Hz). 
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Figure 3 : Relative variation of holding current 
versus junction temperature. 
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SMTPBxxx 


ORDER CODE 


SURFACE MOUNT 


BREAKDOWN VOLTAGE 


TRISIL 90 A 


MARKING : Logo, date code, type code. 


PACKAGE MECHANICAL DATA. 
SOD 15 Plastic. 


Millimeters Inches 
min max min max 


ay 0.2 0.008 
| Bp | 29 | 31 | o114 | 0122 | 
|p | 76 | 80 | 0300 | 0315 | 
| £& | 63 | 66 | 0248 | 0.259 | 


FOOTPRINT DIMENSIONS. 
SOD 15 Plastic. 


Packaging : Standard packaging is in film. 
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TRISIL FOR LINE CARD PROTECTION 


FEATURES 


a» DUAL BIDIRECTIONAL CROWBAR 
PROTECTION. 
=» PEAK PULSE CURRENT : 
- Ipp = 75 A, 10/1000 us. 
ms HOLDING CURRENT = 150 mA min 
» BREAKDOWN VOLTAGE = 200 V min. 
=» BREAKOVER VOLTAGE = 290 V max. 


SIP 3 
(Plastic) 


- DESCRIPTION 


This protection device has been especially 
designed to protect subscriber line cards using 
SLICS without integrated ring generator. 
THBT200 device protects ring generator relays 
against transient overvoltages. 


SCHEMATIC DIAGRAM 


IN ACCORDANCE WITH FOLLOWING 


STANDARDS : 
CCITT K17 - K20 { 10/700 us 1.5 kV 
5/310 us 38 A 
VDE 0433 { 10/700 ps 2 kV 
5/200 us 50 A 
CNET 0.5/700 us 1.5 kV 
0.2/310 us 38 A 
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THBT200S 


ABSOLUTE RATINGS (limiting values) (-40°C < Tamb < + 85°C) 


ca pulse current 10/1000 us 75 
8/20 us 150 
ITSM Non repetitive surge peak on-state current | tp=20ms 20 ms ee 


di/dt Critical rate of rise of on-state current Non repetitive a eee 
dv/dt Critical rate of rise of off-state voltage 67% VBR KV/uUs 


Tstg Storage and operating junction temperature range - 40 to + 150 °C 
Tj + 150 °C 
Maximum lead temperature for soldering during 10 s. 


% lop 


100 es 


Pulse waveform 10/1000us 


1000 us 


THERMAL RESISTANCE 
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THBT200S 


ELECTRICAL CHARACTERISTICS 


eo [eer 
oe [eer 


PARAMETERS RELATED TO ONE TRISIL. 


Type IRM @ VRM VBR @ IR 
max min 
note1 <a a 


All parameters tested at 25°C, except where indicated 


! Vv 
Vam {BO 
VBR 


Note 1 : See test reference test circuit for lu, Iso and Vso parameters 
Note 2 : Square pulse Tp = 500 us - lr=5A 
Note 3: VR=1V, F = 1MHz. 


(v7 SGS-THOMSON 
IF iicROELECTROMICS ee 


THBT200S 
REFERENCE TEST CIRCUIT FOR Ih, Iso and Vgo parameters : 


f L. Tp = 20ms 
Auto 
Transformer 
220V/2A 


f 


VOOVVVVIVI0O)A 


V 
T ee 
measur 


K 
<4] D.U 
BO °'H 
measure t 


= 
— 
— 
<= 
ox 
=> 
—— 
—_ 
<= 
—— 
— 
— 
a 


| 


VYVVIUV0N) 00) 9 


Transformer 
220V/800V 
5A 


TEST PROCEDURE : 


s Pulse Test duration (Tp = 20ms): 

- For Bidirectional devices = Switch K is closed 

- For Unidirectional devices = Switch K is open. 
» Vout Selection 

- Device with Var < 150 Volt 

- Vout = 250 Vrms, Ri = 140 Q. 
- Device with Var = 150 Volt 
- Vout = 480 Vrms, Re = 240 Q. 


FUNCTIONAL HOLDING CURRENT (fn) TEST CIRCUIT = GO - NOGO TEST. 


250 1509 Switch 


; _A ; 
|  220nF 50 a | ee 
Vbat = 48V 1KV 
_«K 


Surge Generator 
10/700 psec 
Vp =1KV /Ipp = 25A 


This is a GO-NOGO Test which allows to confirm the holding current (!p) level in a functional test circuit. 
This test can be performed if the reference test circuit can’t be implemented. 


TEST PROCEDURE : 


1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : Ipp = 25A , 10/700 us. 
3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. 
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Figure 1 : Relative variation of holding current 
versus junction temperature. 
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Figure 3 : Peak on state voltage versus peak 
on state current (typical values). 
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Figure 2 : Non repetitive surge peak on state 
current versus number of cycles (1 cycle = 20 
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Figure 4 : Capacitance versus reverse applied 
voltage (typical values). 
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THBT200S 


APPLICATION CIRCUIT 
Typical line card protection concept 


Ring generator 


Integrated 


«SLIC» 


a 7] <a eS 
THBT200 


FUNCTIONAL DESCRIPTION 


LINE A AND LINE B PROTECTION. 
Each line (TIP and RING) is protected by a 


bidirectional Trisil, which triggers at a maximum 
voltage equal to the Vo. 


6/7 ‘ 
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ORDER CODE 


BIDIRECTIONAL TRISIL «<——— 


iH» PACKAGE 
S= SIP3. 


BREAKDOWN VOLTAGE 


MARKING 


| Package | Type | Marking | 
SIP3 THBT200S THBT200S 


PACKAGE MECHANICAL DATA (in millimeters) 
SIP 3 Plastic. 


| 0.38/0.50 


Packaging : Products supplied in antistatic tubes. 


Ky acs THOMSON 


THBT200S 
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AYf, Bitmoutremomes 


FEATURES 


» DUAL ASYMETRICAL TRANSIENT 

SUPPRESSOR 
a» PEAK PULSE CURRENT : 

lpp = 30 A, 10/1000 us. 

a» HOLDING CURRENT = 150 mA min 
a» BREAKDOWN VOLTAGE 

- THDT51 = 51 V 

- THDT65 = 65 V. 
a LOW DYNAMIC CHARACTERISTICS 
a AVAILABLE IN SO8 AND DIL8. 


DESCRIPTION 


These devices have been especially designed to 
protect subscriber line card interfaces (SLIC) 
against transient overvoltages. 


A particular attention has been given to the 
internal wire bonding . A 4-points configuration 
ensures a reliable protection, eliminating the 
overvoltage introduced by _ the parasitic 
inductances of the wiring (Ldi/dt) especially for 
very fast transients. 


This new product generation, is providing very 
high surge current capability, in small packages 
like SO 8 and DIL 8. Dynamic characteristics 
have also been defined in order to meet SLIC 
max rating. 


IN ACCORDANCE WITH FOLLOWING 
STANDARDS : 


CCITT K17 - K20 { 10/700 ps 1.5 kV 
5/310 us 38 A 

VDE 0433 { 10/700 ps 2 kV 
5/200 ps 50 A 

CNET { 0.5/700 us 1.5 kV 
0.2/310 ps 38 A 


THDT51 
THDT65 


TRISIL FOR SLIC PROTECTION 


SO 8 
(Plastic) 


DIL 8 
(Plastic). 


SCHEMATIC DIAGRAM 


1/8 


591 


THDT51 / THDT65 


ABSOLUTE RATINGS (limiting values) (-40°C < Tamb < +85°C) 


Peak pulse current 10/1000 its 
5/320 us 
2/10 ps 


ITSM Non repetitive surge peak on-state current = 10ms 
an =15s 


di/at Critical rate of rise of on-state current Non repetitive 
dv/dt Critical rate of rise of off-state voltage 67% VBR 


Storage and operating junction temperature range 
Ti 
J 


10 us 


100 


Pulse waveform 10/1000us 


1000 us 
THERMAL RESISTANCES 


— (j-a) | Junction-to-ambient DIL 8 125 = 
SO 8 170 °C/W 


2/8 . 
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THDT51 / THDT65 


ELECTRICAL CHARACTERISTICS 


i [eatowanes 
eras 


PARAMETERS RELATED TO DIODE LINE/GND 


Vso VBR 


Square pulse, tp=500ps, Ip=3A. 
Ipp =30A, 10/1000us 


PARAMETERS RELATED TO PROTECTION THYRISTOR 


Types IRM @ VRM VBR @ IR 
max min 
note1 es rs 


eee er ie eee ee 


All parameters tested at 25°C, except where indicated 


Note 1: See the reference test circuit for Iu, Iso and Veo parameters. 
Note 2 : Square pulse Tp = 500 us - Ir = 5A. 
Note 3: Va=1V, F =1MHz. 


(yz SGS-THOMSON ———_____ 
SF icROELECTRONICS os 


THDT51 / THDT65 


REFERENCE TEST CIRCUIT FOR In, Ibo and Vso parameters : 


| Tp = 20ms 


Auto 


Transformer "I R1 
220V/2A Ay | static [1400 | 


relay. Sho Ro 
a o— 2400 | 


K | 
Vout D.U.T VBO 
IBo oly ""| Imeasure 
measure j 


YO00090090090000) 
POON ONOU 0) 0) 
VYVVVV0VV00000 


Transformer 
220V/800V 
5A 


TEST PROCEDURE : 


= Pulse Test duration (Tp = 20ms): 

- For Bidirectional devices = Switch K is closed 

- For Unidirectional devices = Switch K is open. 
= Vout Selection 

- Device with Var s 150 Volt 

- Vout = 250 Vrms, Ri = 140 Q. 
- Device with Ver = 150 Volt 
- Vout = 480 Vrms, Re = 240 Q. 


FUNCTIONAL HOLDING CURRENT (In) TEST CIRCUIT = GO - NOGO TEST. 


15Q Switch 


Vbat = 48V 


Surge Generator 
10/700 psec 
Vp =1KV/Ipp = 25A 


This is a GO-NOGO Test which allows to confirm the holding current (IH) level in a functional test circuit. 
This test can be performed if the reference test circuit can’t be implemented 


TEST PROCEDURE : 


1) Adjust the current level at the In value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : Ipp = 25A , 10/700 us. 
3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. 
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THDT51 / THDT65 


Figure 1 : Non repetitive surge peak on-state 
current. (with sinusoidal pulse : F =50Hz) 


ITSM (A) 
eee AS es Oe 


1) Connect pins 2, 3, 6 and 7 to ground in 
order to guarantee a good surge current 
capability for long duration disturbances. 


2) In order to take advantage of the "4-points 
structure" of the THDTxx, the tip and Ring 
lines have to cross through the device. in this 
case, the device will eliminate the 
overvoltages generated by the _ parasitic 
inductances of the wiring (Ldi/dt), especially 
for very fast Transients. 


4- points structure lay-out. 
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THDT51 / THDT65 


APPLICATION CIRCUIT 
Typical slic protection concept 


Ring generator 


Integrated 


«SLiCn 


FUNCTIONAL DESCRIPTION 


Line A Protection = 


- For positive Surges versus GND, the 
diode D1 will conduct 

- For negative Surges versus GND, the 
Protection device Pi will trigger at a 


maximum voltage equal to the Vgo. 
Line B Protection = 


- For Surges on line B, the operating 
mode is the same, D2 or P2 is activated. 
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THDT51 / THDT65 


ORDER CODE 


PACKAGE 
ASYMETRICAL TRISIL «<——— 1=SO 8 PLASTIC 
2=DIL 8 PLASTIC 


BREAKDOWN VOLTAGE —_—_—_——» VERSION 


MARKING 


| Package | Type | Marking 
THDT51 11 DT5111 
SO8 THDT6511 DT6511 


Packaging : Products supplied in antistatic tubes. 


THDT5112 DT5112 
THDT6512 DT6512 


PACKAGE MECHANICAL DATA (in millimeters) 
DIL 8 Plastic SO 8 Plastic 


POO1-FW1 
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THDT51 / THDT65 


CONNECTION DIAGRAM 
DIL 8 Plastic SO 8 Plastic 


se ss SGS-THOMSON 
Dan ST ickosLEcrRaRics 


Ky SGS-THOMSON 


, MICROELECTRONICS ~ THDT58S 
TRISIL FOR SLIC PROTECTION 
FEATURES 


ns CROWBAR PROTECTION 

» DUAL ASYMETRICAL TRANSIENT 
SUPPRESSOR 

aw PEAK PULSE CURRENT : 
-lpp = 75 A, 10/1000 us. 

s HOLDING CURRENT = 150 mA min 

» BREAKDOWN VOLTAGE = 58 V. 

a BREAKOVER VOLTAGE = 80V max. 


SIP 3 
(Plastic) 


DESCRIPTION 


This device has been especially designed to 
protect subscriber line card interfaces (SLIC) 
against transient overvoltages. 


SCHEMATIC DIAGRAM 
Its ion-implanted technology confers excellent 
electrical characteristics on it. 
This is why this device easily fits the main 
protection standards which are related to the 
overvoltages on telecom lines. 
This product is compatible with TO202 and 
TO220 packages. 


IN ACCORDANCE WITH FOLLOWING 


STANDARDS : 
CCITT K17 - K20 10/700 us “1.5 kV 
5/310 us 38 A 
VDE 0433 f 10/700 us 2 kV 
5/200 us 50 A 
CNET 0.5/700 us 1.5 kV 
0.2/310 us 38 A 
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THDT58$ 


ABSOLUTE RATINGS (limiting values) (-40°C < Tamb < + 85°C) 


Pulse waveform 10/1000pus 


THERMAL RESISTANCE 


Symbol Parameter 


Rth (j-a Junction-to-ambient °C/W 
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THDT58S 


ELECTRICAL CHARACTERISTICS 


[Sat 
ven [oes 
Tine [eee 
Piss 
oe 
<a 
— 
= 


Forward Voltage Drop 
Peak pulse current 


ia | ee Square pulse, tp = 500 us IF = 5 A. a 


PARAMETERS RELATED TO THE PROTECTION THYRISTOR 


Type IRM @ VRM VBR @ 


va | ov | ov | ma |v | ma | ma | ma | ov | opr 
woes fo | we | 


All parameters tested at 25°C, except where indicated 


Note 1: See the reference test circuit for In, Iso and Veo parameters 
Note 2: Square pulse Tp = 500 us - lr =5A 
Note 3: Vr=1V, F = 1MHz. 
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THDT58S 
REFERENCE TEST CIRCUIT FOR In, Iso and Veo parameters : 


[lL Tp = 20ms 
Auto O RI 
Transformer = 
220V/2A Ay [static 0 


relay.-—| >}0 
es o—| 2400 | 
K cae ee 
ie measure 
measure | 


€ 


PONV NVVNU RIO) | 
VOVOVV00000000 


VOUVO00NU NTO) | 


Transformer 
220V/800V 
5A 


TEST PROCEDURE : 


s Pulse Test duration (Tp = 20ms): 

- For Bidirectional devices = Switch K is closed 

- For Unidirectional devices = Switch K is open. 
a Vout Selection 

- Device with Var < 150 Volt 

- Vout = 250 Vrms, Ri = 140 Q. 
- Device with Var = 150 Volt 
- Vout = 480 Vrms, R2= 240 Q. 


FUNCTIONAL HOLDING CURRENT (In) TEST CIRCUIT = GO - NOGO TEST. 


15Q Switch 


Vbat = 48V © 


Surge Generator 
10/700 psec 
Vp =1KV/Ipp = 25A 


This is a GO-NOGO Test which allows to confirm the holding current (lp) level in a functional test circuit. 
This test can be performed if the reference test circuit can’t be implemented. 


TEST PROCEDURE : 


1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A , 10/700 us. 
3) The D.U.T will come back to the OFF-State withing a duration of 50 ms max. 
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Figure 1 : Relative variation of holding current 
versus junction temperature. 
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Figure 3 : Peak on state voltage versus peak 
on state current (typical values). 
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THDT58$S 


Figure 2 : Non repetitive surge peak on state cur- 
rent versus number of cycles (1 cycle = 20 ms. 
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Figure 4 : Peak forward voltage drop versus 
peak forward current (typical values). 
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THDT58S 


APPLICATION CIRCUIT 
Typical slic protection concept 


Ring generator 


Integrated 


THDT xx 


FUNCTIONAL DESCRIPTION 


Line A Protection = 


- For positive Surges versus GND, the 
diode D1 will conduct 

- For negative Surges versus GND, the 
Protection device P1 will trigger at a 


maximum voltage equal to the Vgo. 
Line B Protection = 


- For Surges on line B, the operating 
mode is the same, D2 or P2 is activated. 
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THDT58S 


ORDER CODE 


ASYMETRICAL TRISIL 


—_—___+» PACKAGE 
S = SIP 3. 


BREAKDOWN VOLTAGE 


MARKING 


| Package | Type | Marking | 
SIP3 THDT58S THDT58S 


PACKAGE MECHANICAL DATA (in millimeters) 
SIP 3 Plastic. 


10.5 max 


lle 0.38/0.50 


Packaging : Products supplied in antistatic tubes. 
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kyz SGS THOMSON TPA SERIES 


TRISIL 


FEATURES 


s BIDIRECTIONAL CROWBAR PROTECTION. 
a BREAKDOWN VOLTAGE RANGE: 
From 62 V To 270 V. 
a» HOLDING CURRENT = Jy 
Suffix 12 = 120mA min. 
Suffix 18 = 180mA min. 
u PEAK PULSE CURRENT : 
lpp = 50 A, 10/1000 us. 


F 126 
DESCRIPTION (Plastic) 


The TPAxx series has been designed to protect 
telecommunication equipments against lightning 
and transient induced by AC power lines. SCHEMATIC DIAGRAM 


IN ACCORDANCE WITH FOLLOWING 


_-STANDARDS : 
CCITT K17 - K20° { 10/700 ps 1.5kV 
5/310 us 38 A 
VDE 0433 { 10/700 us 2 kV 
5/200 us 50 A 
CNET { 0.5/700 us 1.5kV 
0.2/310 ps 38 A 


ABSOLUTE RATINGS (limiting values) (-40°C < Tamb < + 85°C) 


ee 

| P| Power dissipation on infinite heatsink =| | Power dissipation on infinite heatsink =| on infinite heatsink | Tamb=50° | TW 

Peper wer [eT 
See note1 8/20 us 100 

isu [neni se peakenssv corn | pe20me [© | A 


di/dt Critical rate of rise of on-state current | Nonrepetiive | = 100] As 
dv/dt Critical rate of rise of off-state voltage 67% VBR Le KV/us 


Tstg Storage and operating junction temperature range - 40 to + 150 
: + 150 
| TL | Maximum lead temperature for soldering during 10 s. ee 
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TPAxxx 


THERMAL RESISTANCES 


Rth (j-l) Junction to leads on infinite heatsink. eo cw 
Rth (j-a) | Junction to ambient. on printed circuit. Llead = 10 mm 


Note 1: 10/1000 ps wave form. 


% lop 
100 


1000 us 


ELECTRICAL CHARACTERISTICS 


= 
= 


V 
VrRou [VBO 
VBR 


On-state voltage 
Peak pulse current 
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TPAxxx 


ELECTRICAL CHARACTERISTICS 


P TPA62A 

TPA62B 
P TPA68A 

TPA68B 
(1) TPA75A 
(1) TPA75B 
(1) TPA82A 
( 
( 
: 


- 12 or 18 
- 12 or 18 
TPAIO0A - 12 or 18 
TPA100B - 12 or 18 
TPA110A - 12 or 18 
TPA110B - 12 or 18 
TPA120A - 12 or 18 
TPA120B - 12 or 18 
TPA130A - 12 or 18 
TPA130B - 12 or 18 
) TPA150A - 12 or 18 
) TPA150B - 12 0r 18 
) TPA160A - 12 or 18 
) TPA160B - 12 or 18 
TPA180A - 12 or 18 
TPA180B - 12 or 18 
TPA200A - 12 or 18 
TPA200B - 12 or 18 
TPA220A - 12 or 18 
TPA220B - 12 or 18 
TPA240A - 12 or 18 
TPA240B - 12 or 18 
TPA270A - 12 or 18 
TPA270B - 12 or 18 


All parameters tested at 25°C, except where indicated. 


MOPMPONMMYMNNNMINNNMNNNMNNNNNNNNNNNNNNNNN PN 
ke ee ee ee ee ek ek ek Se i ak 


: Preferred device. 
(1): These voltages are on request. 
Note 2 : See the reference test circuit for !, Iso and Veo parameters. 
Note 3: Square pulse Tp = 1 ms - Ir=3A. 
Note 4: VrR=1V, F = 1MHz. 


Ayg, SeScteeones 


a 


ee 


ret 


eee 


Suffix 12 


for 120 mA. 


Suffix 18 


for 180 mA. 
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TPAXxx 
REFERENCE TEST CIRCUIT FOR Ih, Ibo and Vgo parameters : 


f ] Tp = 20ms 
Auto O Ri 
Transformer z 
220V/2A Ay static o—| 1400 | 
: relay. >to po 


| 


SiS 


VOUVO NII) Y | 
JNOVV00000000 


T VBO 
; measure 


4 | 
Vout 

| : | D.U 

BO>'H 

measure 


poe 


—— 
<= 
<_ 
= 

— 
— 
— 

= 
— 
— 
— 
— 
— 


Transformer 
220V/800V 
5A 


TEST PROCEDURE : 


« Pulse Test duration (Tp = 20ms): 

- For Bidirectional devices = Switch K is closed 

- For Unidirectional devices = Switch K is open. 
a Vout Selection 

- Device with Var < 150 Volt 

- Vout = 250 Vrms, Ri = 140 2. 
- Device with Var 2 150 Volt 
- Vout = 480 Vrms, Re= 240 Q. 


FUNCTIONAL HOLDING CURRENT (Iq) TEST CIRCUIT = GO - NOGO TEST. 


15Q Switch 


Surge Generator 
10/700 psec 
Vp =1KV/Ipp = 25A 


This is a GO-NOGO Test which allows to confirm the holding current (lpq) level in a functional test circuit. 
This test can be performed if ithe reference test circuit can’t be implemented. 


TEST PROCEDURE : 


1) Adjust the current level at the In value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : Ipp = 25A , 10/700 us. 
3) The D.U.T will come back to the OFF-State withing a duration of 50 ms max. 
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Figure 1 : Non repetitive surge peak on state 
current versus number of cycles. (with sinusoidal 


ItsmfA) 
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Figure 3 : Relative variation of holding current 
versus junction temperature. 


IHIT; ] 
IHIT j= 25°C) 
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TPAXxxx 


Figure 2 : On - state characteristics (typical 
values). 


"2 3 4 5 6 7 8 9 10 11 12 
Note : Fordevice with Ver > 150 Volt 
The Vr value is twice that shown. 
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TPAXxx 


ORDER CODE 


TP 


TRISIL 50 A«—— “» PACKAGING: 
- RL = tape and reel. 
- = Ammopack. 


BREAKDOWN VOLTAGE «————_—_—___ 


{ 


—————+ HOLDING CURRENT: 
Vgeo TOLERANCE. - 12 = 120 mA. 


- 18 = 180 mA. 


MARKING : Logo, Date Code, Part Number. 


PACKAGE MECHANICAL DATA. 
F126 Plastic. 


ee et a a 
min max min max i 
| 2D | ae 


0.12 


note 1:The diameter @ bo is not controlled over zone L1. 


Packaging : Standard packaging is in tape and reel. 
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kKyz 36S THOMSON TPB SERIES 


TRISIL 


FEATURES 


» BIDIRECTIONAL CROWBAR PROTECTION. 
a BREAKDOWN VOLTAGE RANGE: 
From 62 V To 270 V. 
a HOLDING CURRENT = IH 
Suffix 12 = 120mA min. 
Suffix 18 = 180mA min. 
m PEAK PULSE CURRENT : 
Ipp = 90 A, 10/1000 is. 


CB 429 
DESCRIPTION PIaele) 
The TPBxx series has been designed to protect 


telecommunication equipments against lightning 
and transient induced by AC power lines. SCHEMATIC DIAGRAM 


IN ACCORDANCE WITH FOLLOWING 


STANDARDS : 
CCITT K17 - K20 {10/700 us 1.5kV 
5/310 us 38 A 
VDE 0433 10/700 us 2 kV 
5/200 us 50 A 
CNET { 9.57700 us 1.5 kV 
0.2/310 pts 38 A 


ABSOLUTE RATINGS (limiting values) (-40°C < Tamb < + 85°C) 


rsymiot [Pann] vie | 

a 2 

peer er |e 
See note 8/20 ps 150 


di/dt Critical rate of rise of on-state current Non repetitive p00 | 
Critical rate of rise of off-state voltage 67% VBR a ek. KV/us 


9 Storage and operating junction temperature range - 40 to + 150 
+ 150 = 
a Maximum lead temperature for soldering during 10 s. 


1/6 


613 


TPBxxx 


THERMAL RESISTANCES 


Rth (j-l) Junction to leads. On infinite heatsink. °C/W 
Rth (j-a) | Junction to ambient. On printed circuit. Lleag = 10 mm °C/W 


Note 1: 10/1000 pis wave form. 


% lop 
100 


1000 xs 


ELECTRICAL CHARACTERISTICS 


= 
— 


Vv 
Vam /VBO 
VBR 


On-state voltage 
Peak pulse current 
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TPBxxx 


ELECTRICAL CHARACTERISTICS 


IRM @ VRM | VBR @ IR 
max 


P TPB62A 


Suffix 12 
- 12 or 18 for 120 mA. 
- 12 or 18 

TPB100A - 12 or 18 
TPB100B - 12 or 18 
TPB110A - 12 or 18 
TPB110B - 12 or 18 
TPB120A - 12 or 18 
TPB120B - 12 or 18 
TPB130A - 12 or 18 
TPB130B - 12 or 18 
(1) TPB150A - 12 or 18 
(1) TPB150B - 12 or 18 
(1 
(1 


Suffix 18 
for 180 mA. 


) TPB160A - 12 or 18 
) TPB160B - 12 or 18 
P TPB180A - 12 or 18 
TPB180B - 12 or 18 
TPB200A - 12 or 18 
TPB200B - 12 or 18 
TPB220A - 12 or 18 
TPB220B - 12 or 18 
TPB240A - 12 or 18 
TPB240B - 12 or 18 
TPB270A - 120r18 
TPB270B - 12 or 18 


MONMNNMNDNYMNYONYNNPNNRNNDNRMNNNMNNNNRNNARNNNNNMNNNNNNNN PP 
eS a Sa kk ke ek a a a ek ek ee 


NNNNNNNNNNNNNN;: 


All parameters tested at 25°C, except where indicated. 
Pe Preferred device. 
(1): These voltages are on request. 


Note 2 : See the reference test circuit for In, lao and Veo parameters. 
Note 3 : Square pulse Tp = 1 ms- Ir =5A. 
Note 4: VR=1V, F =1MHz. 
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TPBxxx 
REFERENCE TEST CIRCUIT FOR In, Ipo and Vso parameters : 


| Tp = 20ms 


Auto O 


Transformer : R1 
220V/2A Ay [static | 1400 | 


relay._| >ho po 
o—| 2400 | 


= foe 


K 
Vout VBO 


4 U.T 
BO>'H measure 
measure 1 


JVOQVQV0000 00 


VOOVOOVUOG YO) 
VOVOGOII90) 0 


Transformer 
220V/800V 
5A 


TEST PROCEDURE : 


a Pulse Test duration (Tp = 20ms): 

- For Bidirectional devices = Switch K is closed 

- For Unidirectional devices = Switch K is open. 
=» Vout Selection 

- Device with Var < 150 Volt 

- Vout = 250 Vrs, Ri = 140 Q. 
- Device with Ver = 150 Volt 
- Vout = 480 Vrms, Re = 240 Q. 


FUNCTIONAL HOLDING CURRENT (In) TEST CIRCUIT = GO - NOGO TEST. 


15Q Switch 


Vbat = 48V 


Surge Generator 
10/700 psec 
Vp =1KV/Ipp = 25A 


This is a GO-NOGO Test which allows to confirm the holding current (I) level in a functional test circuit. 
This test can be performed if the reference test circuit can’t be implemented. 


TEST PROCEDURE : 


1) Adjust the current level at the In value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A , 10/700 us. 
3) The D.U.T will come back to the OFF-State withing a duration of 50 ms max. 
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Figure 1 : Non repetitive surge peak on state 


current versus number of cycles. (with sinusoidal 
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Figure 3 : Relative variation of holding current 
versus junction temperature. 
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TPBxxx 


Figure 2 : On - state characteristics (typical 
values). 


1 
005 115 2 25 3 35 4 45 5 


Note: For devices with Var > 150 V 
The V+ value is twice that shown 
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TPBxxx 


ORDER CODE 


PB 


TRISIL 90 A «—— PACKAGING: 
- RL = tape and reel. 
- = Ammopack. 


BREAKDOWN VOLTAGE «<——————__—_— 


————» HOLDING CURRENT: 
Veo TOLERANCE. - 12 = 120 mA. 


- 18 = 180 mA. 


MARKING : Logo, Date Code, Part Number. 


PACKAGE MECHANICAL DATA. 
CB 429 Plastic. 


Millimeters Inches 


G | Dp | 
note 1 note 1 | Od | 


note 1:The diameter © bo is not controlled over zone L1. 


Packaging : Standard packaging is in tape and reel. 
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Ti SGS-THOMSON TPB200S 
4 MICROELECTRONICS TPB245S/TPI 


3265S 


SURGE ARRESTORS 


FEATURES 

a SOLID STATE SURGE ARRESTOR 
PACKAGED IN AXIAL DIODE. 

a VOLTAGE RANGE = 200 V TO 265 V 

a TIGHT VOLTAGE TOLERANCE 

a FAST RESPONSE TIME 

a VERY LOW AND STABLE LEAKAGE 
CURRENT 

e REPETITIVE SURGE CAPABILITY 
Ipp = 100 A, 10/1000 us. 

a FAIL-SAFE WHEN DESTROYED 


jo 
(4 


DESCRIPTION 

Bidirectional device used for primary protection in ae 
telecom equipments. 

Providing long service life, and adapted for sensitive 

electronic equipments protection. 

If destroyed the component will continue to 

guarantee a protection with a permanent short 

circuit, meaning "fail save criteria" . This particular 

behaviour will also allow an easy failure detection on 

the line. 


ABSOLUTE RATINGS (limiting values) - 40°C < Tamb < +80°C 


ae Peak Pulse Current T0700 us 
| Fail Save criteria saous | tka 


Non Repetitive Surge Peak on-state 
Current. 


ITSM One cycle. 
Current 10 A 
dv/at Critical Rate of Rise of on-state Voltage. 67% Ver kV/us 
Maximum Lead Temperature to Soldering During 10 s. 


THERMAL RESISTANCE 


RTH (j-a) Junction-leads Thermal Resistance 
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TPB200S/TPB245S/TPB265S 


ELECTRICAL CHARACTERISTICS 


= 
— 


On-state voltage 
Peak pulse current 


rPee008 
TPES 
rPa2e55 


All parameters tested at 25°C, except where indicated 


rss [ae 


Note 1: See the reference test circuit for IH, IBo and VBo parameters 
Note 2: Square pulse Tp = 500 us - IT =5A. 
Note 3: VR =1V, F =1MHz. 
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TPB200S/TPB245S/TPB265S 
REFERENCE TEST CIRCUIT FOR In, Iso and Veo parameters : 


fL.Tp =20ms 


Auto 
Transformer 


220V/2A f+ |static 


| 


relay.-—4 >t 


eat eee 


f 


K 


IBo >'H 
measure 


Vout 


NOOIGRIVORYYOY 
NON NGON NOVY YOY 
NOVOVRVIVIVV0' 


Transformer 
220V/800V 
5A 


TEST PROCEDURE : 


= Pulse Test duration (Tp = 20ms): 

- For Bidirectional devices = Switch K is closed 

- For Unidirectional devices = Switch K is open. 
=» Vout Selection 

- Device with Var < 150 Volt 

- Vout = 250 Vrms, Ri = 140 Q. 
- Device with Vern >150 Volt | 
- Vout = 480 Vras, Re = 240 Q. 


FUNCTIONAL HOLDING CURRENT (Iq) TEST CIRCUIT GO - NOGO TEST. 


15Q Switch 


Vbat = 48V . 


Surge Generator 
10/700 psec 
Vp =1KV/Ipp = 25A 


This is a GO-NOGO Test which allows to confirm the holding current (IH) level in a functional test circuit. 
This test can be performed if the reference test circuit can’t be implemented. 


TEST PROCEDURE : 


1) Adjust the current level at the In value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : Ilpp = 25A , 10/700 us. 
3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. 


3/4 
G97 $85;THoMsON —__** 


TPB200S/TPB245S/TPB265S 


ORDER CODE 


S RL 


Packaging: 
RL = Tape and reel 
ao Surge Arrestor 
Bidirectionnal Breakdown voltage 


MARKING 
pType | Marking 
TPB200S TPB200S 
TPB245S TPB245S 


TPB265S TPB265S 


PACKAGE MECHANICAL DATA 


ME Millimeters Inches 


note 1:The diameter @ b2 is not controllec over zone L1. 


Packaging : Products are supplied in tape and reel. 
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IT; SGS-THOMSON 
JF WICROELECTROMICS TPISOxxN/TPI120xxN 


| TRIBALANCED 
PROTECTION WITH LOW DYNAMIC Vgo FOR ISDN INTERFACES 


FEATURES 


a» BIDIRECTIONAL TRIPLE PROTECTION. 
a CROWBAR PROTECTION. 


» PEAK PULSE CURRENT : 
Ipp = 80 A, 10/1000 ps. 


» BREAKDOWN VOLTAGE: 
TPI80N = 80V 
TPIT20N = 120V. 


w AVAILABLE IN DIL8 AND SO8 PACKAGES. 


a LOW DYNAMIC BREAKOVER VOLTAGE : 
TPI80N = 150V 
TPI120 = 200V 


DESCRIPTION: TRIBALANCED PROTECTION S08 DIL 8 


(Plastic) (Plastic) 
Dedicated devices for ISDN interface and high 


speed data telecom lines protection. Equivalent to 
a triple TRISIL with low capacitance providing: 


Low capacitance from lines to ground : 
allowing high speed transmission without signal at- 
tenuation. 


Good capacitance balance (Line A/Line B) in order 
to insure the longitudinal balance of the line. 


Fixed breakdown voltage in both common and dif- 
ferential modes. 


The same surge current capability in both common SCHEMATIC DIAGRAM 
and differential modes. 


IN ACCORDANCE WITH FOLLOWING 
STANDARDS : 


CCITT K17-K20 + 10/700us 1.5kV 
{ 5/310 us 38A 


VDE 0433 10/700 us = 2KV 
5/200us  50A 
CNET 0.5/700 us 1.5 kV 


0.2/310us  38A 


December 1994 Ed:2A 1/8 
623 


TPI80xxN/TPI120xxN 


ABSOLUTE RATINGS (limiting values) (-40°C < Ta < +85°C) 


10/1000 us 
5/320 us 
2/10 us 90 


ae Non repetitive surge peak on-state tp=10ms a A 
current tp=1s 

di/dt Critical rate of rise of on-state current Non repetitive tas 

dv/at Critical rate of rise of off-state voltage 67% VBR KV/us 


Storage and operating junction temperature range -40to+150 
T, 150 °C 


TORS 


Peak pulse current 


100 


Pulse waveform 10/1000us 


THERMAL RESISTANCES 


Rth (j-a) Junction to ambient DIL 8 125 °C/W 
SO 8 171 °C/W 


2/8 : 
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TPI80xxN/TPI120xxN 


ELECTRICAL CHARACTERISTICS 


| Vm | Stand-offvottage 
| Ver | Breakdownvoltage 
| Veo | Breakovervoltage 
|i | Holding current 
| Vr | Onstate voltage 
| to 
| tee 
aa 


Breakover current 
Peak pulse current 


Forward Voltage Drop 
Ir ie Vru VBR @ Ir 
Types 
note1 ues notei | notes ae 


Le ee a ee a 
eee eee ete 


Note 1 : See the reference test circuit for IBO and VBO parameters. 

Note 2 : Surge test according CCITT 1.5kV,10/700 tts between Tip or Ring and ground. 
Note 3 : See functional holding current test circuit. 

Note 4 : Square pulse Tp = 500 ms- IT=5A 


UBBTAISIL4 


CAPACITANCES CHARACTERISTICS 


Ca (pf) Ce (pf) Ca - Cp (pf) 


A\l parameters tested at 25°C, except where indicated 
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TPI80xXxN/TPI120xxN 


REFERENCE TEST CIRCUIT FOR Igo and static Vso parameters : 


[1 Tp = 20ms 

Auto oO A1 

Transformer . 

220V/2A Ay [static o{ 1400 | 

relay. | >h° Ro 

oe o—| 2400 | 
K 


IBO 
measure 


Vout 


VONUOVO009 00D | 


VVOOVOV0000000 


= 
—_ 
= 
= 
= 
<= 
—— 
=> 
<= 
—> 
=> 
— 
— 
=> 


: 
| 
| 


Transformer 
220V/800V 
5A 


TEST PROCEDURE : 


= Pulse Test duration-(Tp = 20ms): 
- For Bidirectional devices = Switch K is closed 
- For Unidirectional devices = Switch K is open. 


« Vout Selection 
- Device with Var < 150 Volt 
- Vout = 250 Vrms, Ri = 140 Q. 
- Device with Var = 150 Volt 
- Vout = 480 Vrms, R2= 240 Q. 


FUNCTIONAL HOLDING CURRENT (In) TEST CIRCUIT = GO - NOGO TEST. 


250 150 Switch 


Vbat = 48V . 


Surge Generator 
10/700 psec 
Vp =1KV/Ipp = 25A 
This is a functional test circuit which performs a GO-NOGO test on the holding current level IH . 
TEST PROCEDURE : 
1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 


2) Fire the D.U.T with a surge Current : Ipp = 25A,, 10/700 us. 


3) The D.U.T will come back to the OFF-State within a duration of 50 ms max. 
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TPI80xXN/TPI120xxN 


Fig. 1 : Non repetitive surge peak on-state cur- 
rent. (with sinusoidal pulse : F =50Hz) 


ITSM (A) 
10 ee ee Pe oe 
RY RSA RDU A l(a 
Pw tes pe es = pS 
eee a os ee 


APPLICATION NOTE. 


1) Connect pins 2, 3, 6 and 7 to ground in order 
to guarantee a good surge current capability for 
long duration disturbances. 


2) In order to take advantage of the "4-points 
structure" of the TPIxxxP, the tip and Ring lines 


have to cross through the device. in this case, 
the device will eliminate the overvoltages gene- 
rated by the parasitic inductances of the wiring 
(Ldi/dt), especially for very fast Transients. 


4- points structure lay-out. 


: 5/8 
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TPI80xXxN/TPI120xxN 
APPLICATION NOTE: 


U INTERFACE PROTECTION 


S INTERFACE PROTECTION 


This component use an intemal structure resulting in symetrical characteristics with a good balanced be- 
haviour. 

This topology ensures the same breakdown voltage level for positive and negative surges in differential 
and common mode. 
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TPI80xxN/TPI120xxN 
ORDER CODE 


PACKAGE 


BIDIRECTIONAL 1=SO 8 PLASTIC 
2=DIL 8 PLASTIC 


VERSION 
BREAKDOWN VOLTAGE 


MARKING 


se 


SO8 TPI8011N TP80N 
TPI12011N TP120N 


CONNECTION DIAGRAM 
DIL 8 Plastic SO 8 Plastic 


Creings | ee | toting 


DIL8 TPI8012N TP80N 
TPI12012N TP120N 


Packaging : Products supplied in antistatic tubes. 
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TPI80xxN/TPI120xxN 


PACKAGE MECHANICAL DATA (in millimeters) 
DIL 8 Plastic SO 8 Plastic 


8 [ise | [ss oose| loose 
ce ee es ee 


Tas [oes| [oes [oo] [0.033 

Pe ieee oes na 

| bi |oi9| | 0.25 }0.007/ [0.010 | 

cc [025] | 05 joo10] [0.020 

Reis 45° (typ) 

pee aco Be ete 
| | 62 Jo.228| [0.244 


Pe [sa| [ao fors| — Jors7| 


pt fos] | 1.27 [0.016] {0.050 
pm{ | joe} | [oo2a| 
S 8° (max) 
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SGS-THOMSON 
MICROELECTROMICS TSIXxxB5 


TE Ae ek: 
< : a f | 
® 


TELEPHONE SET INTERFACE 


FEATURES 


a SINGLE DEVICE PROVIDING : 
DIODE BRIDGE 
BIDIRECTIONAL PROTECTION 


a» CROWBAR PROTECTION 


» PEAK PULSE CURRENT : 
Ipp = 380A, 10/1000 ps 


«» VOLTAGE RANGE FROM 62V to 270V 
a Maximum current : lo =0.5A 
(Plastic) 


IN COMPLIES WITH FOLLOWING : FUNCTIONAL DIAGRAM 


CCITT K17 - K20 10/700 us 1.5kV 
5/310s 38A 


VDE 0433 10/700us  2kV 
5/200us 50A 


CNET 0.5/700 us 1.5kV 
0.2/310s 38A 


LINE B 


ABSOLUTE RATINGS (limiting values) (-40°C < Tamb < +85°C) 


10/1000 us 
5/310 us 
2/10 mau 


Peak pulse current 


| Maximum curent current 


ITsmM Non repetitive surge peak on-state i. = ae Me = A 
current 
Critical rate of rise of off-state voltage 67% VBR a an KV/Us 


Storage and operating junction temperature range a0 re 150 
J 
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TSIxxxB5 
THERMAL RESISTANCES: 


| Symbol | Parameter | Value | Unit 
Junction-ambient thermal resistance - mounting on FR4 a See °C/W 


ELECTRICAL CHARACTERISTICS 
Tamb = 25°C 
| Symbol | __— Parameter 
Stand-off voltage 
Breakdown voltage 
) 


| lao | Breakovercurrent 
| lp | Peakpulse current 


PROTECTION DEVICE PARAMETERS 


i] 
V 
Vam /VBO 
VBR 


OBSTAISILA 


TSI62B5 
TSI120B5 


DIODE BRIDGE PARAMETERS 


Test conditions 


VF lF=20mA_ note3 


le=100mA _ note3 


All parameters are tested at 25°C except where indicated 
Note 1: See test condidions for VBO, IBO, IH parameters 
Note 2: Square pulse tp = 500 ps - IT=5A. 

Note3: VFisgiven for one diode 

Note4: VR=O0V,F=1MHz. 
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TSIxXxxB5 
REFERENCE TEST CIRCUIT FOR Iso and Veo parameters : 


la Tp = 20ms 


Auto 
Transformer : 
220V/2A AY [static 0 
relay.-—| >10 
= . 
K 


IBo > 'H 
measure 


Vout 


a 
VOVQVOVVVV000N 


a 


Transformer 
220V/800V 
5A 


TEST PROCEDURE : 


s» Pulse Test duration (Tp = 20ms): 
- For Bidirectional devices = Switch K is closed 
- For Unidirectional devices = Switch K is open. 
= Vout Selection 
- Device with Var < 150 Volt 
- Vout = 250 Vrs, Ri = 140 2. 
- Device with Var 2 150 Volt 
- Vout = 480 Vrms, Re = 240 Q. 


FUNCTIONAL HOLDING CURRENT (Iq) TEST CIRCUIT = GO - NOGO TEST. 


15qQ Switch 


Surge Generator 
10/700 psec 
Vp =1KV/Ipp = 25A 


This test circuit performs a GO-NOGO test on the holding current IH. 

a TEST PROCEDURE : 
1) Adjust the current level at the IH value by short circuiting the AK of the D.U.T. 
2) Fire the D.U.T with a surge Current : lpp = 25A , 10/700 us. 


3) The D.U.T will come back to the OFF-State withing a duration of 50 ms max. 
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TSIXxxB5 
PINOUT CONFIGURATION AND LAYOUT RECOMMENDATIONS : 


PINOUT LAYOUT 


= 

= LINE B 
CR 
= 

CJ 

Ea) 
CJ 

CJ 


15 |_| LINE B LINE A 


Oo 
—o 
oO 
oO 
oO 
O 
Oo 
O 


PACKAGE MECHANICAL DATA 


019| | 0.25] 0.010 
pc | jos] |  joozol | 


45° max 


ci 
cae ea ae 
re [se [62 |ozeal  fozaa 
i 
res | [eso] | _[ossol 
re [ae] [40 loasol _oxs7 
Pe [os | fr27 loca) fos 
ru [| [ose] [joe 


S 8° max 


MARKING : LOGO, DATE CODE, DEVICE CODE. 


DEVICE TSI62B5 TSI120B5 TSI150B5 TS!I180B5 TSI200B5 TS!270B5 
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| SPECIAL OP-AMPs and 
| COMPARATORS DATASHEETS 


kyz 38S THOMSON Ls204 


HIGH PERFORMANCE DUAL OPERATIONAL AMPLIFIERS 


» LOW POWER CONSUMPTION 
a SHORT CIRCUIT PROTECTION 
a» LOW DISTORTION, LOW NOISE 


as HIGH GAIN-BANDWIDTH PRODUCT = ; 
a HIGH CHANNEL SEPARATION eke 


D 
S08 
(Plastic Package) (Plastic Micropackage) 


TO99 
(Metal Can) 


DESCRIPTION 


The LS204 is a high performance dual operational 
amplifier with frequency and phase compensation 
built into the chip. The internal phase compensation ORDER CODES 


allows stable operation as voltage follower in spite nee T [Package _—i| 

: : ee . art Nurm- emperature 
of its high gain bandwidth products. | rae Range TH TN | D” 
The circuit presents very stable electrical charac- 


teristics over the entire supply voltage range, and is LS204C ice ee 
particularly intended for professional and telecom LS204I -40°C, +105°C 
applications (active filters, etc). LS204M -55°C, +125°C 


PIN CONNECTIONS (top views) 


DIP8/SO8 


1 - Output 1 
2 - Inverting input 14 
3 - Non-inverting input 1 


4-Vcc 

5 - Non-inverting input 2 
6 - Inverting input 2 

7 - Output 

8 - Vcc" 


204-01 EPS 
204-02 EPS 
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204-01 TBL 


LS204 


SCHEMATIC DIAGRAM (1/2 LS204) 


Inverting Non-inverting 
input input 


204-03 EPS 


ABSOLUTE MAXIMUM RATINGS 


Parameter | Value | Unit 
Supply Voltage 
input Volage ne ae 
Differential Input Voltage +(Vcc - 1) a 
qj 


Toper | Operating Temperature Range LS204C 0 to +70 °C 
LS2041 -40 to +105 
LS204M -55 to +125 
Fea | Power Dissipaion at Tomo = 70°C ae a oe 
| T)__| Junction Temperature 


Storage Temperature -65 to 150 


204-02.TBL 


etn Set Sa ee (7 SGS-THOMSON 
SF MICROELECTROMICS 
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LS204 


ELECTRICAL CHARACTERISTICS (Vcc = £15V, Tamb = 25°C, unless otherwise specified) 


Symbol Test Conditions peti eelem LS204C 


j_Totcoine Fi yp [ia 
| tec _|Supply Current for | 12 || 08 | 15 | mA | 


pec ee eee 
Tn <Top< Tmax | | | 300 | || 700 | nA 
_ Ma | 


| _Ri__| Input Resistance ffetkHz | fete |} tf fos | 
Vio [Input Offset Voltage = [Rss tok | | 08 | 25 | | OS 


Rs $ 10kQ mV 
Tmin < Top < Tmax. 3.5 5 
DVio | Input Offset Voltage Drift Bs < 10kQ uVPC 
Tmin. < Top < Tmax. 


Input Offset Current stat tetato 
Tn Steps bn | 40 | | | 100 


Hal iacnadei eee er er te 
°C 
ene Short Circuit 23 23 mA 
ene 
Large Signal Voltage Gain ecbiciee : a < Tmax. 
Ri = Voc = t15V 100 100 
Voc = +4V 95 95 


| GBP | Gain- bandwidth Product = 100kHz ee 8 Hae al fF o3 | | 15] a5] | MHz | 


Equivalent Input Noise 
Voltage 


THD | Total Harmonic Distortion n = 20dB R, = 2kQ 
Vo = 2Vpp f= 1kHz 
tVopp | Output Voltage Swing Ri = 2kQ vos hs +13 +13 
Vcc = +4 +3 +3 


am TT a 


= Common Mode Rejection ve = 10 
Ratio Tmin. < Top < Tmax. 
SVR aay Voltage Rejection ue =1V f= 100Hz 
Ratio Tmin. < Top < Tmax. 


oo | wot | [wl | 3 
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Figure 1: Supply Current versus Supply Voltage 


Figure 3 : Output Short Circuit Current versus 


Ambient Temperature 


Figure 5: Output Loop Gain versus Ambient 


Temperature 
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204-04 EPS 


204-06 EPS 


204-08 EPS 


Figure 2: Supply Current versus Ambient 
Temperature 


-50 0 50 100 Tamp(°C) 


Figure 4: Open Loop Frequency and Phase 
Response 
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Figure 6 : Supply Voltage Rejection versus 
Frequency 
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204-05 EPS 


204-07 EPS 


204-09 EPS 


Figure 7: Large Signal Frequency Response 
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Figure 9: Total Input Noise versus Frequency 


Figure 11 : Amplitude Response 
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Figure 12: 
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Figure 8 : Output Voltage Swing versus Load 


Resistance 
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Amplitude Response ( +1cB ripple) 
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APPLICATION INFORMATION : Active low-pass filter 


BUTTERWORTH 


The Butterworth is a "maximally flat” amplitude res- 
ponse filter. Butterworth filters are used for filtering 
signals in data acquisition systems to prevent alias- 
ing errors in sampled-data applications and for gen- 
eral purpose low-pass filtering. 


The cut-off frequency fc, is the frequency at which 
the amplitude response is down 3dB. The attenu- 
ation rate beyond the cutoff frequency is n6 dB per 
octave of frequency where n is the order (number of 
poles) of the filter. 


Other characteristics : 
e Flattest possible amplitude response. 


e Excellent gain accuracy at low frequency end of 
passband. 


BESSEL 


The Bessel is a type of "linear phase" filter. Because 
of their linear phase characteristics, these filters ap- 
proximate a constant time delay over a limited fre- 
quency range. Bessel filters pass transient wave- 
forms with a minimum of distortion. They are also 
used to provide time delays for low pass filtering of 
modulated waveforms and as a "running average" 
type filter. 


The maximum phase shift is = radians where n 


is the order (number of poles) of the filter. The cut-off 
frequency fc, is defined as the frequency at which 
the phase shift is one half of this value. For accurate 
delay, the cut-off frequency should be twice the 


maximum signal frequency. 


The following table can be used to obtain the -3dB 
frequency of the filter. 


|2 pole | 4 Pole | 6 Pole | 8 Pole_ 


aaeaiammaeesd 


Other characteristics : 


e Selectivity not as great as Chebyschev or Butter- 
worth. 


e Very little overshoot response to step inputs. 
e Fast rise time. 


CHEBYSCHEV 


Chebyschev filters have greater selectivity than 
either Bessel or Butterworth at the expense of ripple 
in the passband. 


Chebyschev filters are normally designed with peak- 
to-peak ripple values from 0.2dB to 2dB. 


Increased ripple in the passband allows increased 
attenuation above the cut-off frequency. 


The cut-off frequency is defined as the frequency at 
which the amplitude response passes through the 
specified maximum ripple band and enters the stop 
band. 


Other characteristics : 

e Greater selectivity 

e Very non-linear phase response 

e High overshoot response to step inputs 


The table below shows the typical overshoot and settling time response of the low pass filters to a step input. 


Number of | oyocchoot Settling Time (% of final value) 
Poles 
% Overshoot 40 0.1% 


Butterworth 


Bessel 


Chebyschev (ripple +0.25dB) 


Chebyschev (ripple +1dB) 


; 
6 
8 
2 
4 
6 
8 
2 
4 
6 
8 
2 
4 
6 
8 


1. a 1 -7iieseo. 
THe 2.8/fe 
2.4/fc 3.9/fe 
3.1/fe 5.1/fc 


1.9/f.sec. 
3.8/fe 
5.0/fe 
7.1/fe 


1.6/fc 
5.4/fc 
10.4/f, 
16.4/fc 


2.71fc 
8.4/fo 
16.3/fe 
24.8/fe 


11.6/fc 


Design of 2nd order active low pass filter (Sallen and Key configuration unity gain-op-amp) 
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Fixed es R1 = R2, we have (see fig. 13). 
aed .= 

Ro 

1 

R Ewe 


The diagram of fig.14 shows the amplitude response for different values of damping factor € in 2nd order 
filters. 


C2= 


Figure 13 : Filter Configuration Figure 14 : Filter Respons versus Damping 
Factor 
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Three parameters are needed to characterize the ries of 2"? order sections. A simple RC section is in- 
frequency and phase response of a 2"¢ order active troduced when an odd filter is required. 
filter : the gain (Gv); the damping factor (&) or the Q- 


factor (Q = (2 &)'), and the cutoff frequency (fo) The choice of ’&’ (or Q-factor) determines the filter 


The higher order responses are obtained with a se- response (see table 1). 


Table 1 


FilterResponse | &§ #£=|| #Q | Cutoff piealenevs fi. 


ae oe ie ee Frequency at which Gy = -3dB 


Chebyschev 1 Frequency at which the amplitude response passes 
through es max. ripple band and enters the 
stop ban 


EXAMPLE 
Figure 15 : 5th Order Low-pass Filter (Butterworth) with Unity Gain Configuration 
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In the circuit of fig. 15, for fe = 3.4kHz and The same method, referring to Tab. 2 and fig. 16, is 
Ri = Ri = Re = R3 = Ra = 10kQ, we obtain: used to design high-pass filter. In this case the 
damping factor is found by taking the reciprocal of 
_ a, ail c, the numbers in Tab. 2. For fe = 5kHz and 
Go te R’ 2Ifc — Bele Cj = Ci = C2 = C3 = C4 = 1nF we obtain : 
1 _1 1 1 1 
C1 = 0.421 .—.——= 1.97nF pepe gle eae 
R’ 2Ilfc Ri 0.354° CO’ Ofc 25.5kQ 
1 1 1 1 1 
Co= 1.7538. == ="'8:20nF = ——— _— ,—— = 
. R° 2Ilfc : mle O01" Gong 
ee fee, le tle ee 
C3= 0.309. R° Mfc = 1.45nF R2= 1.753°C" 2ilfo > 18.2kQ 
1 1 en SE eee ae 
C4= 3.325 -R° Diic > 15.14nF R3 = 0.309 C* Dlifo 103kQ 
The attenuation of the filter is 30dB at 6.8kHz and R4= 2 al ; ae 9.6kQ 
better than 60dB at 15kHz. 3.325 °C elifc 


Table 2 : Damping Factor for Low-pass Butterworth Filters 


Tomer [6 |G | @ |G | G@ |G | & | @ | & 
a en eo 
oa | ase [|| 
[4a [ [ose [1.08 [ose [ee | | |S 
[~s[ tase [omer | 175 | oa09 [azas |i i 
~e | frees | ~a.005 [0707 [1a | onso | sae [i 
o4s8 | 459 | 0623 | 4.004 | 0222 | aa [| 
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PACKAGE MECHANICAL DATA 
8 PINS - PLASTIC DIP 


S74 
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PM-DIP8 EPS 


DIP8 TBL 


LS204 


PACKAGE MECHANICAL DATA 
8 PINS - PLASTIC MICROPACKAGE (SO) 
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PM-SO8 EPS 


S08 TBL 


PACKAGE MECHANICAL DATA 
8 PINS - METAL CAN TO99 


12,7 min. 


Lyf, 


SGS-THOMSON 
MICROELECTRONICS 


LS204 


11/14 


647 


PM-TO99 IMG 


ORDER CODE 


Kys 56S THOMSON 


LS404 


HIGH PERFORMANCE QUAD OPERATIONAL AMPLIFIERS 


a SINGLE OR SPLIT SUPPLY OPERATION 
n LOW POWER CONSUMPTION 

a SHORT CIRCUIT PROTECTION 

a LOW DISTORTION, LOW NOISE 

a HIGH GAIN-BANDWIDTH PRODUCT 

w HIGH CHANNEL SEPARATION 


DESCRIPTION 


The LS404 is a high performance quad operational 
amplifier with frequency and phase compensation 
built into the chip. The internal phase compensation 
allows stable operation as voltage follower in spite 
of its high gain-bandwidth products. 

The circuit presents very stable electrical charac- 
teristics over the entire supply voltage range, and it 
particularly intended for professional and telecom 
applications (active filters, etc). 

The patented input stage circuit allows small input 
signal swings below the negative supply voltage and 
prevents phase inversion when the inputs is over 
driver. 


PIN CONNECTIONS (top view) 


Output 1 
Inverting Input 1 
Non-inverting Input 1 


Voc + 


Non-inverting Input 2 


Inverting Input 2 


Output 2 
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DIP14 
(Plastic Package) 


oe 


D 
$014 
(Plastic Micropackage) 


ORDER CODES 


Part Num- 
ber 


LS404C 
LS4041 
LS404M 


Temperature 
Range 
0°C, +70°C 
-40°C, +105°C 
-55°C, +125°C 


404-01 TBL 


Output 4 

Inverting Input 4 
Non-inverting Input 4 
Vcc ~ 

Non-inverting Input 3 
Inverting Input 3 


Output 3 


404-01 EPS 
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EQUIVALENT SCHEMATIC DIAGRAM (1/4 LS404) 


Non-inverting 
Inverting input ) input 


Output 
@ 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter vane ti 
Vee _| Supply Votage 
V 


Input Voltage (positive) +Vcc 
(negative) -Vcc - 0.5 


Vi 
Via | Differential Input Voltage + (Vcc - 1) 


Toper | Operating Temperature Range LS404C 0 to +70 °C 
LS404l -40 to +105 
LS404M -55 to +125 


| Pror_| Power Dissipation at Tam = 70°C 
Storage Temperature -65 to 150 


404-02 TBL 


2/12 : 
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ELECTRICAL CHARACTERISTICS (Vcc = +15V, Tamb = 25°C, unless otherwise specified) 


Min. | Typ. | Max. | Min. | Typ. | Max. | 


| toc [Supply Curent | | | | mA 

|__| Input Bias Current 0 | 200 | | 100 | 300 | A 

|__Fi__| Input Resistance ae ee ed ee a (a 

| Vio | Input Offset Voltage | Res tox | | 7 | 25 | | 8 | mV 

een | iP iy Pe 
Tin. < Top < Tmax. 


Input Offset Current ||| to | 4 | | 20 | 80 | 


Output Short Circuit 
ee ns Os Oc 


e|e 
GBP _ | Gain-bandwidth Product | f= 100kHz R, = 2k 1.8 3 1.5 2.5 MHz 
Ci = 100pF 


Frade Input Noise nv 
oltage 8 15 10 VHz 
10 12 ne 
Rs = 10kQ 18 20 
THD | Total Harmonic Distortion | Unity Gain % 
Ri = 2kQ, Vo = 2Vpp 
f = 1kHz 0.01 0.4 0.01 
f = 20kHz 0.03 0.03 


+Vopp | Output Voltage Swing Ri =2kQ Vcec=+15V| +13 +13 V 
Voc = +4V +3 +3 
Vopp | Large Signal Voltage f= 10kHz R= 10kQ 22 Vpp 
Swing Ri = 1kQ 20 


Ee ee = ee leg = Aes 


Common Mode Rejection ‘cn 
mn ee) ee 
arenes ow ive [w| [f= [Te 


| VorVoz| Channel Separation [f= tkHz | 100 | 120] | | 20 | | a 
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Figure 1: 


Figure 3 : Output Short Circuit Current versus 
Ambient Temperature 


-50 0 50 100 Tamp(°C) 


Figure 5 : Output Loop Gain versus Ambient 
Temperature 
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Supply Current versus Supply Voltage 
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Figure 2: Supply Current versus Ambient 
Temperature 
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Figure 4: Open Loop Frequency and Phase 
Response 
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Figure 6: Supply Voltage Rejection versus 


Frequency 


404-08 EPS 


kyf, Bocttonoges 


Figure 7: Large Signal Frequency Response 


LS404 


Figure 8: Output Voltage Swing versus Load 
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Figure 9: Total Input Noise versus Frequency 
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: Amplitude Response 
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APPLICATION INFORMATION : Active low-pass filter 


BUTTERWORTH 


The Butterworth is a "maximally flat" amplitude res- 
ponse filter. Butterworth filters are used for filtering 
signals in data acquisition systems to prevent alias- 
ing errors in sampled-data applications and for gen- 
eral purpose low-pass filtering. 

The cut-off frequency fc, is the frequency at which 
the amplitude response is down 3dB. The attenu- 
ation rate beyond the cutoff frequency is -n6 dB per 
octave of frequency where n is the order (number of 
poles) of the filter. 


Other characteristics : 
e Flattest possible amplitude response. 


e Excellent gain accuracy at low frequency end of 
passband. 


BESSEL 


The Bessel is a type of "linear phase" filter. Because 
of their linear phase characteristics, these filters ap- 
proximate a constant time delay over a limited fre- 
quency range. Bessel filters pass transient wave- 
forms with a minimum of distortion. They are also 
used to provide time delays for low pass filtering of 
modulated waveforms and as a "running average" 
type filter. 


The maximum phase shift is = radians where n 


is the order (number of poles) of the filter. The cut-off 
frequency fc, is defined as the frequency at which 
the phase shift is one half of this value. For accurate 
delay, the cut-off frequency should be twice the 


maximum signal frequency. 


The following table can be used to obtain the -3dB 
frequency of the filter. 


Other characteristics : 


e Selectivity not as great as Chebyschev or Butter- 
worth. 


e Very little overshoot response to step inputs. 
e Fast rise time. 


CHEBYSCHEV 


Chebyschev filters have greater selectivity than 
either Bessel or Butterworth at the expense of ripple 
in the passband. 


Chebyschev filters are normally designed with peak- 
to-peak ripple values from 0.2dB to 2dB. 


Increased ripple in the passband allows increased 
attenuation above the cut-off frequency. 


The cut-off frequency is defined as the frequency at 
which the amplitude response passes through the 
specified maximum ripple band and enters the stop 
band. 


Other characteristics : 

e Greater selectivity 

e Very non-linear phase response 

e High overshoot response to step inputs 


The table below shows the typical overshoot and settling time response of the low pass filters to a step input. 


Number of 
Poles 


oof oof 


Butterworth 


Chebyschev (ripple +0.25dB) 


Chebyschev (ripple +1dB) 


OMDANM OMAN 


Peak : ; i 
Settling Time (% of final value) 


% Overshoot 40 0.1% 


4 
11 


1.9/fesec. 
3.8/fe 

5.0/fe 
7.1/fc 


16.4/f. 


2.7/tc 
8.4/fc 
16.3/fe 
24.8/fc 


11.6/fe 


Design of 2nd order active low pass filter (Sallen and Key configuration unity gain-op-amp) 
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Fixed R = Ri = R2, we have (see fig. 13). 
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The diagram of fig.14 shows the amplitude response for different values of damping factor € in 2nd order 


filters. 


Figure 13 : Filter Configuration 


404-15 EPS 


Three parameters are needed to characterize the 
frequency and phase response of a 2"4 order active 
filter : the gain (Gv), the damping factor (&) or the Q- 
factor (Q = (2 é)"), and the cut-off frequency (fc). 


The higher order responses are obtained with a se- 


Table 1 


Butterworth 


Chebyschev 


EXAMPLE 


Figure 14 : Filter Respons versus Damping 
Factor 


G-3650/1 


AL 
HN 
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5 (tio) 


404-16 EPS 


ries of 2" order sections. A simple RC section is in- 
troduced when an odd filter is required. 


The choice of ’&’ (or Q-factor) determines the filter 
response (see table 1). 


Cutoff Frequency f, 
Frequency at which Phase Shift is -90°C 


Frequency at which Gy = -3dB 


Frequency at which the amplitude response passes 
through specified max. ripple band and enters the 
stop band. 


404-05 TBL 


Figure 15 : 5th Order Low-pass Filter (Butterworth) with Unity Gain Configuration 


1st order 2nd order 
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In the circuit of fig. 15, for fe = 3.4kHz and The same method, referring to Tab. 2 and fig. 16, is 


Ri = Ri = Re = Re = Ra = 10kQ, we obtain : used to design high-pass filter. In this case the 
damping factor is found by taking the reciprocal of 
Dit the numbers in Tab. 2. For fe = 5kHz and 
Ci= 1.54.5 R° 2I lfc = 6.33nF Cj = C1 = C2 = Cg = C4 = 1nF we obtain : 
Lae. et gs Mie ell ee as 
Ci= 0.421. A Dlfc = 1.97nF Ri= 0.354°C° Dilc 25.5kQ 
1 1 1 
= dt Re= soan ee = 18.2k2 
C3= 0.309. R° 2Ilfo = 1.45nF 1.753°C Pa 
1 1 
C4= 3.325. = a 15.14nF ne 9.900° C etic 
1 1 1 
The attenuation of the filter is 30dB at 6.8kHz and R4= 3.325°C°t. 9.6kQ 
better than 60dB at 15kHz. : : 


Table 2 : Damping Factor for — Butterworth Filters 


Toner [co | a 
ar ae ee EC 
Ts) 4as2 | 0202 
[a [| ose [108 [ose [ee [Pd 
(—s_| sas [omer [17s | oaco | ozs | | +. +d SS—*™ 
Ts [| 0966 | 4.005 | 0.707 | 1414 | oass [aes [ 
ses [oases [18 [ones [veo [ogee [aa | 
Ts [| ose [102 [08s [120 | 055s [100 | 0105 | sa25 | 


Figure 16 : 5th Order High-pass Filter (Butterworth) with Unity Gain Configuration 
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Figure 17 : Mutliple Feedback 8-pole Bandpass Filter 
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Figure 18 : Frequency Response of Bandpass Figure 19 : Bandwidth of Bandpass Filter 
Filter 


A ” 
lovee PIAS “Is | | ITT : 
Pee | AN : 
PL TANT 
wos | MIT VT NUTT 
Se TAG AUilit 


ely d 


ae ee 
A aaanen 
Ba eeeeeits 
Sse eeee sie 


404-21 EPS 
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404-22 EPS 


This is a 6-pole Chebychev type with +0.25aB ripple 710Hz and reaches 80dB at 1065Hz. The in band 
inthe passband. A decoupling stage is used to avoid attenuation is limited in practise to the +0.25dB rip- 
the influence of the input impedance on the filter’s ple and does not exceed 0.5dB at 0.9fc. 
characteristics. The attenuation is about 55dB at 
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Figure 21 : Subsonic Filter (Gv = 0dB) 
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Figure 22 : High Cut Filter (Gv = 0dB) 
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PACKAGE MECHANICAL DATA 
14 PINS - PLASTIC DIP 
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PM-DIP14 EPS 
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PACKAGE MECHANICAL DATA 
14 PINS - PLASTIC MICROPACKAGE (SO) 
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CRDER CODE 


SGS-THOMSON 
NICROELECTROMICS 


A 


TSH150 


WIDE BANDWIDTH AND BIPOLAR INPUTS 
SINGLE OPERATIONAL AMPLIFIER 


LOW DISTORTION 

GAIN BANDWIDTH PRODUCT : 150MHz 
UNITY GAIN STABLE 

SLEW RATE : 190V/us 

VERY FAST SETTLING TIME : 20ns (0.1%) 


Gaga g 


DESCRIPTION: 


The TSH150 is a wideband monolithic operational 
amplifier, internally compensated for unity-gain 
stability. 

Low noise and low distortion, wide bandwidth and 
high linearity make this amplifier suitable for RF and 
video applications. Short circuit protection is pro- 
vided by an internal current-limiting circuit. 

The TSH150 has internal electrostatic discharge 
(ESD) protection circuits and fulfills MILSTD883C- 
Class2. 


PIN CONNECTIONS (top view) 


Offset Null 1 


Inverting Input 


Non-inverting Input 


May 1994 


Xa 


N D 
DIP8 SO8 
(Plastic Package) (Plastic Micropackage) 


ORDER CODES 


TSH150C 0°C, 70°C 
TSH1501 -40°C, 105°C 
TSH150M -55°C, 125°C 


150-01 TBL 


Offset Null 2 
Vect 

Output 

N.C. 


150-01 EPS 
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TSH150 


SCHEMATIC DIAGRAM 


non inverting 
input 


30 


20 


inverting 
input 


8 
a |Offset N2 a 
S, 
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INPUT OFFSET VOLTAGE NULL CIRCUIT 


TSH150 


ABSOLUTE MAXIMUM RATINGS 


[symbol [—~—~S~ arate SSCS*~*~—SCS~S~« tu S*dCt 
fees ese retort reer 
vp vetage ange as 


epee On Inputs +50 
a ee On Offset Null Pins +20 
Toper Operating Free-Air Temperature Range TSH150C 0 to +70 
TSH1501 -40 to +105 
TSH150M -55 to +125 


a re Storage Temperature Range -65 to 150 


OPERATING CONDITIONS 


Symbol [——=s=S~S~*~é rameter =—SS*~*~wC*‘“‘C*‘WWU:*=S™~*~~=C*d;CUrit ‘| 
Nec __| Supply Voltage 
| Vie Common Mode Input Voltage Range Ves +2 to Vcc” -1 


2/5 “ 
BY, Battier: 
662 


150-02 TBL 


150-03 TBL 
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ELECTRICAL CHARACTERISTICS 
Voc = + 5V, Tamb = 25°C (unless otherwise specified) 


Vio 


Input Offset Voltage 
Tmin S$ Tamb S Tmax 


DVio Input Offset Voltage Drift 
Tmin $ Tamb < Tmax 


Tmin S Tamb S$ Tmax 


Large Signal Voltage Gain 
Vo = +2.5V 


VV 
800 1300 
300 850 
200 650 


Input Common Mode Voltage Range -3to+4 | -3.5t0+4.5 
Common Mode Rejection Ratio Vic = Viemmn 


SVR Supply Voltage Rejection Ratio 
Vec=+5Vto+3V 50 70 
+3 3.5 
3. 


Output Voltage Ri = 100Q 
Ri = 50Q 


Tmin S$ Tamb S$ Tmax 


Output Short Circuit Current 
Vid = +1 Vv, Vo = OV 

GBP Gain Bandwidth Product 

Aver = 100, RL= 100Q, C_ = 15pF, f = 7.5MHz 150 


SR Slew Rate 
Vin =+2V, Avc. = 1, RL= 100Q, OL = 15pF 100 


Equivalent Input Voltage Noise 
Rs = 500 


Kov Overshoot 
Vin = + 2V, Aver = 1, RL= 100, CL = 15pF 
Settling Time 0.1% - (note 1) 
Vin =+1V, Aver = -1 
tr, te Rise and Fall Time - (note 1) 
Vin = £100mV, Avct = 2 
Delay Time - (note 1) 
Vin = +100mV, Avct = 2 


Phase Margin 
Avwm = 1, Rt= 100, C_= 15pF 


Total Harmonic Distortion 


Avci = 10, f = 1KHZ, Vo = + 2.5V, no load 


FPB Full Power Bandwidth - (note 2) 
Vo = 5Vpp, Ri = 100Q 
Vo = 2Vpp, Ri = 1000 


Note 1: See test waveform figure 


Note2: Full power bandwidth = oH 
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TSH150 


TEST WAVEFORM EVALUATION CIRCUIT 


150-04 EPS 


PRINTED CIRCUIT LAYOUT 


As for any high frequency device, a few rules must 
be observed when designing the PCB to get the best 
performances from this high speed op amp. 


From the most to the least important points : 


e Each power supply lead has to be bypassed 
to ground with a 10nF ceramic capacitor very 
close to the device and a 10uF tantalum ca- 
pacitor. 


e To provide low inductance and low resistance 
common return, use a ground plane or com- 
mon point return for power and signal. 

e Allleads must be wide and as short as possi- 
ble especially for op amp inputs. This is in 
order to decrease parasitic capacitance and 


Use small resistor values to decrease time 
constant with parasitic capacitance. Be aware 
on TSH150 device of the lio error and input 
noise currents with high feedback resistor val- 
ues. 


Choose componentsizes as small as possible 
(SMD). 

On output, decrease capacitor load so as to 
avoid circuit stability being degraded which 
may cause oscillation. You can also add a 
serial resistor in order to minimise its influ- 
ence. 


One can add in parallel with feedback resistor 
a few pF ceramic capacitor Cr adjusted to 


inductance. optimize the settling time. 
4/5 
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TSH150 


MACROMODEL 
a» LOW DISTORTION » SLEW RATE: 190V/us 
a GAIN BANDWIDTH PRODUCT : 150MHz » VERY FAST SETTLING TIME : 20ns (0.1%) 


a UNITY GAIN STABLE 


Applies to : TSH150C,I,M 


** Standard Linear Ics Macromodels, 1993. VIP 4 18 0.500000E+00 

** CONNECTIONS : FCP 4 5 VOFP 2.200000E+01 

*1 INVERTING INPUT FCN 5 4 VOFN 2.200000E+01 

* 2 NON-INVERTING INPUT FIBP 2 5 VOFP 1.000000E-02 

*3 OUTPUT FIBN 5 1 VOFN 1.000000E-02 

*4 POSITIVE POWER SUPPLY * AMPLIFYING STAGE 

*5 NEGATIVE POWER SUPPLY FIP 5 19 VOFP 4.370000E+02 
FIN 5 19 VOFN 4.370000E+02 

SUBCKT TSH150 1 3 2 4 5 (analog) RG1 19 5 1.124121E+03 

WANN IN KERN WRAES KEW AWED ANNEEAERAENKRWNS ERED ERT babe ewan ee RG2 19 4 1.124121F+03 

-MODEL MDTH D IS=1E-8 KF=1.568191E-15 CJO=10F CC 19 29 2.000000E-09 

* INPUT STAGE HZTP 30 29 VOFP 5.574976E+01 

CIP 2 5 1.000000E-12 HZTN 530 VOFN 5.574976E+01 

CIN 1 5 1.000000E-12 DOPM 19 22 MDTH 400E-12 

EIP 105251 DONM 21 19 MDTH 400E-12 

EIN 165151 HOPM 22 28 VOUT 5.000000E+02 

RIP 10 11 1.040000E+02 VIPM 28 4 5.000000E+01 

RIN 15 16 1.040000E+02 HONM 21 27 VOUT 5.000000E+02 

RIS 11 15 3.264539E+02 VINM 5 27 5.000000E+01 

DIP 11 12 MDTH 400E-12 EOUT 26 231951 

DIN 15 14 MDTH 400E-12 VOUT 2350 

VOFP 12 13 DC -9.162265E-05 ROUT 26 3 2.180423E+01 

VOFN 13 14 DC 0 COUT 3 5 1.000000E-12 

IPOL 13 5 1.000000E-03 DOP 19 25 MDTH 400E-12 

CPS 11 15 5.757255E-12 VOP 4 25 1.511965E+00 

DINN 17 13 MDTH 400E-12 DON 24 19 MDTH 400E-12 

VIN 17 5 1.5000000e+00 VON 24 5 1.511965E+00 

DINR 15 18 MDTH 400E-12 -ENDS 


ELECTRICAL CHARACTERISTICS 
Voc = +5V, Tamb = 25°C (unless otherwise specie! 


| Symbol | Conditions, =| Value | nit 
Sa Aaa, SO EE 
pA a t000 tv 
ee ie 
| Mem foto | 
| Von Rea t00Q 
Pee WO Ee ee 
[sk Vos OVSOCSCSCSOSCSCCSCSCSCSSSS mS 
| tous | VoH OV tT mA 
| GBP | RL=1000,Cr=15pFo AM 
ee ea ee | (Ee 
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SGS-THOMSON 
MICROELECTROMICS TSH151 


WIDE BANDWIDTH AND MOS INPUTS 
SINGLE OPERATIONAL AMPLIFIER 


SH 


» LOW DISTORTION 

« GAIN BANDWIDTH PRODUCT : 150MHz 

» UNITY GAIN STABLE 

» SLEW RATE : 200V/us 

a VERY FAST SETTLING TIME : 70ns (0.1%) 
» VERY HIGH INPUT IMPEDANCE 


DESCRIPTION: 


The TSH151 is a wideband monolithic operational 
amplifier, internally compensated for unity-gain sta- 
bility. 

The TSH151 features extremely high input imped- 
ance (typically greater than 10'7Q) allowing direct 
interfacing with high impedance sources. 

Low distortion, wide bandwidth and high linearity 
make this amplifier suitable for RF and video appli- 
cations. Short circuit protection is provided by an 
internal current-limiting circuit. 

The TSH151 has internal electrostatic discharge 
(ESD) protection circuits and fulfills MILSTD883C- 
Class2. 


PIN CONNECTIONS (top view) 


Offset Null 1 


Inverting Input 


Non-inverting Input 


May 1994 


a 


N D 
DIP8 SO8 
(Plastic Package) (Plastic Micropackage) 


ORDER CODES 


TSH151C 0°C, 70°C 
TSH1511 -40°C, 105°C x 
TSH151M | —--55°C, 125°C Z 


Offset Null 2 
Voct 

Output 

N.C. 


151-01 EPS 
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TSH151 


SCHEMATIC DIAGRAM 


non inverting 
input 
3 


6 
output 


20 
inverting 
input 
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INPUT OFFSET VOLTAGE NULL CIRCUIT 


TSH151 


151-03 EPS 


[Symbor [~~~ rameter SSCS*~*~SCSC<~*~S «dC 
tn | Current On Offset Nu Pins —=SSSSSCSC~C~“~“~<~—SCt Ym 


Toper Operating Free-Air Temperature Range TSH151C 0°C, 70°C °C 
TSH1511 -40°C, 105°C 
TSH151M ; -55°C, 125°C 


OPERATING CONDITIONS 


151-02 TBL 


Parameter Value 


Supply Voltage V 
Common Mode Input Voltage Range V 


151-03 TBL 
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ELECTRICAL CHARACTERISTICS 
Vcc = + 5V, Tamb = 25°C (unless otherwise specified) 


Symbol Parameter SHIM 


| Min. | Typ. | Max. | 
Vio Input Offset Voltage 10 
Tmin S$ Tamb S$ Tmax 12 
Tmin S$ Tamb S$ Tmax 10 
| _| Input Bias Current ee i ee S00 pA 
| to __| Input Offset Current a ae ee: 
Supply Current, no load mA 

28 

40 

Tmin S$ Tamb S$ Tmax. 32 


Ava VV 
Ri = 0 800 1300 
Ri= 100Q 300 850 
Ri = 50 200 650 
Input Common Mode Voltage Range -5.5 to +2.5 


Common Mode Rejection Ratio = Vic=Viommn. | 60 | 100 | 


SVR Supply Voltage Rejection Ratio 
Vec=+ 5V to+3V 
V 


Output Voltage Rit = 1002 


70 


Ri = 502 


Tmin S$ Tamb S Tmax Ri = 100Q 
Ri = 502 


GBP Gain Bandwidth Product MHz 
Avc_= 100, RL= 100, C, = 15pF, f = 7.5MHz 150 

SR Slew Rate V/s 
Vin = + 2V, Avct = 1, Re= 100Q, C. = 15pF 100 200 


Equivalent Input Voltage Noise 
Rs = 502 
fo = 1kHz 
fo = 10kHz 
fo = 100kHz 
fo = 1MHz 
Overshoot 
Vin =+2V, Avcc = 1, Re= 100, C_ = 15pF 


Settling Time 0.1% - (note 1) 
Vin =+1V, Aver = -1 
tr, te Rise and Fall Time - (note 1) 
Vin = £100mV, Avci = 2 


Delay Time - (note 1) 
Vin = +1 OOmvV, Avct = 2 


Lo 
om Phase Margin 
Avm = 1, Ri= 1009, Cy = 15pF 45 
Total Harmonic Distortion LC 
ms 


Avci = 10, f = 1KHz, Vo = + 2.5V, no load 


Full Power Bandwidth - (note 2) 
Vo = 5Vpp, Ri = 100Q 
Vo = 2Vpp, Rr= 100Q 


Note 1: See test waveform figure 


Note2: Full power bandwidth = SR 
Tl Vepp 
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TSH151 


TEST WAVEFORM 


151-04 EPS 


PRINTED CIRCUIT LAYOUT 


As for any high frequency device, a few rules must 
be observed when designing the PCB to get the best 
performances from your this speed op amp. 


From the most to the least important points : 


e Each power supply lead has to be bypassed 
to ground with a 10nF ceramic capacitor very 
close to the device and a 10uF tantalum ca- 
pacitor. 


e To provide low inductance and low resistance 
common return, use a ground plane or com- 
mon point return for power and signal. 


e All leads must be wide and as short as possi- 
ble especially for op amp inputs. This is in 
order to decrease parasitic capacitance and 


EVALUATION CIRCUIT 


inductance. 


Use small resistor values to decrease time 
constant with parasitic capacitance. 


Choose component sizes as small as possible 
(SMD). 


On output, decrease capacitor load so as to 
avoid circuit stability being degraded which 
may cause oscillation. One can also add a 
serial resistor in order to minimise its influ- 
ence. 


One can add in parallel with feedback resistor 
a few pF ceramic capacitor Cr adjusted to 
optimize the settling time. 


4/5 i 
—___—_____——— fy $&S:THOMSON 


670 


151-05 EPS 


MACROMODEL 


a LOW DISTORTION 
a GAIN BANDWIDTH PRODUCT : 150MHz 
UNITY GAIN STABLE 


Applies to : TSH151C,1,M 


** Standard Linear Ics Macromodels, 1993. 
** CONNECTIONS : 

* 1 INVERTING INPUT 

* 2 NON-INVERTING INPUT 

*3 OUTPUT 

*4 POSITIVE POWER SUPPLY 

*5 NEGATIVE POWER SUPPLY 


SUBCKT TSH151 1 3 2 4 5 (analog) 
-MODEL MDTH D IS=1E-8 KF=3.322525E-14 CJO=10F 
* INPUT STAGE 

RESD1 2 202 150 

RESD2 1 201 150 

CIP 202 5 10.000000E-12 

CIN 201 5 10.000000E-12 

EIP 105 202 51 

EIN 16 5 201 51 

RIP 10 11 2.600000E-01 

RIN 15 16 2.600000E-01 

RIS 11 15 1.683423E-01 

DIP 11 12 MDTH 400E-12 

DIN 15 14 MDTH 400E-12 

VOFP 12 13 DC 0.000000E+00 
VOFN 13 14 DC 0 

IPOL 13 5 1.000000E-03 

CPS 11 15 8E-09 

DINN 17 13 MDTH 400E-12 


ELECTRICAL CHARACTERISTICS 


TSH151 


a SLEW RATE: 200V/us 
me VERY FAST SETTLING TIME : 70ns (0.1%) 
e VERY HIGH INPUT IMPEDANCE 


VIN 17 5 1.500000e+00 

DINR 15 18 MDTH 400E-12 
VIP 4 18 5.000000E-01 

FCP 4 5 VOFP 2.200000E+01 
FCN 5 4 VOFN 2.200000E+01 
* AMPLIFYING STAGE 

FIP 5 19 VOFP 3.800000E+02 
FIN 5 19 VOFN 3.800000E+02 
RGi 19 5 1.455096E+03 

RG2 19 4 1.455096E+03 

CC 19 29 2.000000E-09 

HZTP 29 30 VOFP 100 

HZTN 305 VOFN 100 

DOPM 19 22 MDTH 400E-12 
DONM 21 19 MDTH 400E-12 
HOPM 22 28 VOUT 5.000000E+02 
VIPM 28 4 5.000000E+01 
HONM 21 27 VOUT 5.000000E+02 
VINM 5 27 5.000000E+01 
EOUT 26 23 1951 

VOUT 23 50 

ROUT 26 3 9.978126E+00 
COUT 3 5 1.000000E-13 

DOP 19 25 MDTH 400E-12 
VOP 4 25 1.946965E+00 

DON 24 19 MDTH 400E-12 
VON 24 5 1.946965E+00 
-ENDS 


Vcc = t5V, Tamb = 25°C (unless otherwise specified) 


Svante Se Cline ee es 
maa ee Ri = 1000 
No load, per operator ee 


a 

[von [Reto OSO—~—“—SCSssSSSSSC“CsCSs“‘sSC—Cs‘“‘“‘;‘iTt dC 
[o,f = toon sv 
a 


Oo 
© 
aS 
© 
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TSH321 


WIDE BANDWIDTH AND MOS INPUTS 
SINGLE OPERATIONAL AMPLIFIER 


a LOW DISTORTION 

» GAIN BANDWIDTH PRODUCT : 300MHz 

a GAIN OF 2 STABILITY 

a» SLEW RATE: 400V/us 

a VERY FAST SETTLING TIME : 60ns (0.1%) 
a VERY HIGH INPUT IMPEDANCE 


DESCRIPTION: 


The TSH321 is a wideband monolithic operational 
amplifier, requiring a minimum close loop gain of 2 
for stability. 

The TSH321 features extremely high input imped- 
ance (typically greater than 10 20) allowing direct 
interfacing with high impedance sources. 

Low distortion, wide bandwidth and high linearity 
make this amplifier suitable for RF and video appli- 
cations. Short circuit protection is provided by an 
internal current-limiting circuit. 

The TSH321 has internal electrostatic discharge 
(ESD) protection circuits and fulfills MILSTD883C- 
Class2. 


PIN CONNECTIONS (top view) 


Offset Null 1 


Inverting Input 


Non-inverting Input 3 


May 1994 


a 


N D 
DIP8 SO8 
(Plastic Package) (Plastic Micropackage) 


ORDER CODES 


cw] 
a eo 


Part Temperature 
Number Range 


TSH3211 -40°C, 105°C 


321-01 TBL 


Offset Null 2 
Vect 

Output 

N.C. 


321-01 EPS 
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TSH321 


SCHEMATIC DIAGRAM 


non inverting _ 7 
input 
5 et 


output 


20 C, 
inverting 
input 
1 8 ln 
O /Offset N2 
os 


321-02 EPS 


INPUT OFFSET VOLTAGE NULL CIRCUIT 


TSH321 


321-03 EPS 


value «Unit | 
[in [ourrent On Ofset Nu Ping —SSCSC~C~“~“~“~“~“~*“<~—;CStSSS 


OPERATING CONDITIONS 


Symbol Parameter 
Supply Voltage 


321-02 TBL 


321-03 TBL 


CC a 
Common Mode Input Voltage Range Vcc to Vec* -3 


2/4 : 
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TSH321 


ELECTRICAL CHARACTERISTICS 
Vcc = + 5V, Tamb = 25°C (unless otherwise specified) 


Symbol Parameter | Min, | Typ, | Max. | Unit 
Tmin S$ Tamb S$ Tmax 12 
DVio | Input Offset Voltage Drift uVvPC 
Tmin S Tamb < Tmax 10 
| lip __| Input Bias Current nes tls = oe S800 Is SPA 
| lo _| Input Offset Current pe cea 200 
loc Supply Current, no load mA 
23 30 
RS 21 28 
a 25 40 
Tmin S$ Tamb $ Tmax Bs 32 
Avd Large Signal Voltage Gain VV 
Vo = +2.5V 
800 1300 
300 850 
200 650 
Input Common Mode Voltage Range -5.5 to +2.5 aa V 


Common Mode Rejection Ratio Vic = Vicm min | 60 | 100 | 


SVR_ | Supply Voltage Rejection Ratio 
Voc=+5V to+3V 50 70 


Output Voltage Ri = 100Q 


R= 50Q 
GBP Gain Bandwidth Product MHz 
Avci = 100, Rr= 100, C, = 15pF, f = 7.5MHz 
SR Slew Rate 
Vin=+1V, Avet = 2 RL= 1009, Cr = 15pF 200 400 


Equivalent Input Voltage Noise 
Rs = 50Q 
fo = 1kHz ue 
fo = 10kHz . 
fo = 100kHz : 
fo = 1MHz : 


Kov Overshoot 
Vin=+1V Aver = 2, RL= 100Q, CL = 15pF 
ts Settling Time 0.1% - (note 1) 
Vin =+ 1V, Aver = -1 
tr, te Rise and Fall Time - (note 1) 
Vin = +100mV, Avci = 2 
Delay Time - (note 1) 
Vin = £100mV, Avci = 2 2 
om Phase Margin Degrees 
Avo = 2, Ri= 100, C= 15pF 45 
PB 


Tmin S$ Tamb S$ Tmax Ri = 1002 
Ri = 502 


THD Total Harmonic Distortion % 
Avci = 10, f = 1KHz, Vo = + 2.5V, no load 0.02 
Full Power Bandwidth - (note 2) MHz 
Vo = 5Vpp, Ri = 1002 26 
Vo = 2Vpp, Ri= 1002 64 


Note1: See test waveform figure 


Note 2: Full power bandwidth = _SR_ 
TI Vopp 


F 
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321-04 TBL 


TSH321 


TEST WAVEFORM EVALUATION CIRCUIT 


321-04 EPS 


PRINTED CIRCUIT LAYOUT 


As for any high frequency device, a few rules must 
be observed when designing the PCB to get the best 
performances from this high speed op amp. 


From the most to the least important points : 


e Each power supply lead has to be bypassed 
to ground with a 10nF ceramic capacitor very 
close to the device and a 10uF tantalum ca- 
pacitor. 


e To provide low inductance and low resistance 
common return, use a ground plane or com- 
mon point return for power and signal. 


e All leads must be wide and as short as possi- 
ble especially for op amp inputs. This is in 
order to decrease parasitic capacitance and 


inductance. 


Use small resistor values to decrease time 
constant with parasitic capacitance. 


Choose component sizes as small as possible 
(SMD). 


On output, decrease capacitor load so as to 
avoid circuit stability being degraded which 
may cause oscillation. One can also add a 
serial resistor in order to minimise its influ- 
ence. 


One can add in parallel with feedback resistor 
a few pF ceramic capacitor Cr adjusted to 
optimize the settling time. 


SON 
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TS3V339 


3V MICROPOWER QUAD VOLTAGE COMPARATORS 


= DEDICATED TO 3.3V OR BATTERY SUPPLY 
(specified at 3V and 5V) 

# EXTREMELY LOW SUPPLY CURRENT : 
9uA typ/comparator 

= WIDE SINGLE SUPPLY RANGE 
2.7V to 16V 

= EXTREMELY LOW INPUT CURRENTS : 
1pA TYP 

# INPUT COMMON-MODE VOLTAGE RANGE 
INCLUDES GND 

=" FAST RESPONSE TIME : 2.5us typ for 
5mV overdrive 

= PIN-TO-PIN AND FUNCTIONALLY 
COMPATIBLE WITH BIPOLAR LM339 


DESCRIPTION 


The TS3V339 is a micropower quad CMOS voltage 
comparator with extremely low consumption of 
QnA typ / comparator (20 times less than bipolar 
LM339). Similar performances are offered by the 
quad micropower comparator TS3V3704 with a 
push-pull CMOS output. 


Thus response times remain similar to the LM339. 


PIN CONNECTIONS (top view) 


Output 2 
Output 1 

Veco * 

Inverting Input 1 


Non-inverting Input 1 


Inverting Input 2 


Non-inverting Input 2 


October 1994 


< 


N D 
DIP14 $oO14 
(Plastic Package) (Plastic Micropackage) 


ORDER CODES 


Output 3 

Output 4 

Veco” 

Non-inverting Input 4 


Inverting Input 4 


Non-inverting Input 3 


Inverting Input 3 


Temperature 
Part Number Range N ] D | 


TS3V339 -40°C,+125°C | @ | e | 


339-01 TBL 


339-01 EPS 
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TS3V339 


SCHEMATIC DIAGRAM (for 1/4 TS3V339) 


339-02 EPS 


MAXIMUM RATINGS 


Symbol Parameter 
Supply Voltage = (note 1 
] 


Differential Input Voltage - (note 2) 
Vi__| Input Voltage - (note 3) 
Y 


Output Voltage 
=a Output Current 


Toper Operating Free-Air Temperature Range 
TS3V339! -40 to +125 


Storage Temperature Range -65 to +150 "CG 


Notes: 1. All voltage values, except differential voltage, are with respect to network ground terminal. 
2. Differential voltages are the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input and the output voltages must never exceed the magnitude of the positive supply voltage. 
4. Short circuit from outputs to Vcc” can cause excessive heating and eventual destruction. 


339-02 TBL 


OPERATING CONDITIONS 


Symbol | ——~—~S~ rameter —SSSSC*~—rS*S*~«tW «dC 
Supply Voltage 2./ to 16 
Common Mode Input Voltage Range 0 to Vec* -1.5 


2/4 
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TS3V339 


ELECTRICAL CHARACTERISTICS 
Voc* =3V, Vcc = OV, Tamb = 25°C (unless otherwise specified) 


Parameter 


ay peli: ye (note 1) : mV 
Vic = i 
Tmin 2 ae < Tmax. 6.5 
Input eee vale (note 2) pA 
Vic = 5 1 
Tmin S Town & S Tmax. 300 
Input Bias Current - (note 2) pA 
Vic => | 5 V { 
Tmin S Tamb S Tmax. 
Viem Input Common Mode Voltage Range 0 to Vee" -1.2 
Tmin S Tamb S Tmax. 0 to Vec™ -1.5 
erm mode Rejection Ratio 
Vic = Vicm min- 
Vec™ 


High Level ae Current 
Vid =-1V, Vou = 3V 40 
Tmin. Ss Tamb S Ss Tmax. 1000 
VoL Low Level Output Voltage mV 
Vid =-1V, loc=--6mA 400 500 
Tmin < Tamb < Tmax. shel 
Icc 


Supply Current (each comparator) WA 
No load - Outputs low 20 
Tmin Ss Tamb < Tmax: 25 
tPLH Response Time Low to High 
Vic = OV, f = 10KHz, Ri = 5.1kQ, CL=15pF, Overdrive = 5mV 


TTL Input 


Response Time High to Low 
Vic = OV, f = 10KHz, RL = 5.1kQ, CL =50pF, Overdrive = 5mV 
TTL Input 


Note: 1. The specified offset voltage is the maximun value required to drive the output up to 4.5V or down to 0.3V. 
2. Maximum values including unavoidable inaccuracies of the industrial test. 


tPHL 


3/4 
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TS3V339 


ELECTRICAL CHARACTERISTICS 
Vcc’ =5V, Vcc = OV, Tamb = 25°C (unless otherwise specified) 


Symbol Paramat i 


ment Say: Eoeee (note 1) 


—_—, 

in 

oi 
<= 


Vic = 
Tmin 2 ae < Tmax. 


Input ey! ead (note 2) 
Vic = 
Tmin e ‘ont & < Tmax. 


Oo) 
o 


ao ro) 
> 


0 


ao) 
> 


mp oe owe (note 2) 


Vic = 
Tmin Z ee < Tmax: 


Vicm Input Common Mode Voltage Range 0 to Vcc"-1.2 
Grae ay ( 0 to Voc* -1.5 
commen mode Rejection Ratio 
Vic = Vicm min- 
muy Voltage pelerion Ratio 
Voc* = +5V to +1 
High Level Output Current 
Vid = 1V, Von -+5V 
Tmin S Tamb S Tmax: 
sa Level ae Voltage 
Vid = -1V, lo_=-6mMA 
Tmin Z Tamb S < Tmax. 


2 2 + | 
3 
oo 


oO 
TO 


7 


1000 


400 
650 


Say Current (each comparator) 
No load - Outputs low 
Tmin S Tamb S Tmax. 


Response Time Low to High 
Vic = OV, f = 10kHz, Ri = 5.1kQ, CL =50pF, Overdrive = 5mV 
TTL Input 


1 


i ng 


339-05 TBL 


Response Time High to Low 


tPHL 
Vic = OV, f = 10kHz, Ri = 5. 4kQ, C.=50pF, Overdrive = 5mV 
TTL Input 


Note: 1. The specified offset voltage ts the maximun value required to drive the output up to 4.5V or down to 0.3V. 
2. Maximum values including unavoidable inaccuracies of the industrial test. 


0 
2 
260 
0 
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TS3V393 


3V MICROPOWER DUAL VOLTAGE COMPARATORS 


= DEDICATED TO 3.3V OR BATTERY SUPPLY 
(specified at 3V and 5V) 

=» EXTREMELY LOW SUPPLY CURRENT : 
9uA typ/comparator 

# WIDE SINGLE SUPPLY RANGE 
2.7V to 16V 

=» EXTREMELY LOW INPUT CURRENTS : 
1pA TYP 

» INPUT COMMON-MODE VOLTAGE RANGE 
INCLUDES GND 

= FAST RESPONSE TIME : 2.5us typ for 
5mV overdrive 

= PIN-TO-PIN AND FUNCTIONALLY 
COMPATIBLE WITH BIPOLAR LM393 


DESCRIPTION 


The TS3V393 is a micropower dual CMOS voltage 
comparator with extremely low consumption of 
9QuA typ / comparator (20 times less than bipolar 
LM393). Similar performances are offered by the 
dual micropower comparator TS3V3702 with a 
push-pull CMOS output. 

Thus response times remain similar to the LM393. 


PIN CONNECTIONS (top view) 


Output 1 
Inverting Input 1 


Non-inverting Input 1 


Veo. 


October 1994 


ta 


N 
DIP8 
(Plastic Package) 


D 
SO8 
(Plastic Micropackage) 


ORDER CODES 


Temperature 
Part Number Range nN | Di 
TS3V3931 40°C, +125°C | e | e | 


Voc” 
Output 2 
Inverting Input 2 


Non-inverting Input 2 
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393-01 TBL 


393-01 EPS 


TS3V393 


SCHEMATIC DIAGRAM (for 1/2 TS3V393) 


393-02 EPS 


Parameter 


Unit | 
Supply Voltage - (note 1) 
0 


Output Volage 
[to [ Output Current mh 
°C 


Toper Operating Free-Air Temperature Range 
TS3V393!1 -40 to +125 


Storage Temperature Range -65 to +150 


Notes: 1. All voltage values, except differential voltage, are with respect to network ground terminal. 
2. Differential voltages are the non-inverting input terminal! with respect to the inverting input terminal. 
3. The magnitude of the input and the output voltages must never exceed the magnitude of the positive supply voltage. 
4. Short circuit from outputs to Vcc” can cause excessive heating and eventual destruction. 


393-02. TBL 


OPERATING CONDITIONS 


a 
Supply Voltage 2.7 to 16 
Common Mode Input Voltage Range 0 to Vcoc* -1.5 


393-03 TBL 
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TS3V393 


ELECTRICAL CHARACTERISTICS 
Vec* = 3V, Veco = OV, Tamb = 25°C (unless otherwise specified) 


Symbol Parameter 


Vio Input Offset Voltage - (note 1) 
Vic = 1 5V 
Tmin S Tamb S Tmax 


Input ae ere: (note 2) 


Vic = 
Tmin. Z ane < Tmax. 


mer se er (note 2) 
Vic = 
Tmin . Ips < Tmax. 


Viem Input Common Mode Voltage Range 0 to Voc*-1.2 
Tmin. < Tamb < Tmax. 0 to Vec* -1.5 


ca cane mode Rejection Ratio 
Vic = Viem min: 


a Level aera oa 
Via=-1V, Vou = 3V 
Tmin S$ Tamb S < Tmax. 


Low jie Pa Voltage 
Vid = -1V, lo.=-6mMA 
Tmin. Z Tamb S Tmax. 


Supply Current (each comparator) 
No load - Outputs low 
Tmin < Tamb < Tmax 


Response Time Low to High 


Vic = OV, f = 10kHz, Rt = 5.1kQ, CL=15pF, Overdrive = 5mV 
TTL Input 


Reeponss Time High to Low 
Vic = OV, f = 10kKHz, RL = 5.1kQ, CL =50pF, Overdrive = 5mV 
TTL Input 


Note: : The specified offset voltage is the maximun value required to drive the output up to 4.5V or down to 0.3V. 
. Maximum values including unavoidable inaccuracies of the industrial test. 
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393-04 TBL 


TS3V393 


ELECTRICAL CHARACTERISTICS 
Vcc’ = 5V, Vcc’ = OV, Tamb = 25°C (unless otherwise specified) 


Parameter 
wary ey: oe (note 1) 


Vic = 
Tmin e ee < Tmax. 

Input ee oo (note 2) 
Vic = 
Tmin 2 tae < Tmax: 


Hy ule oe (note 2) 
Vic -_ 
Tmin a asm < Tmax. 
Input Common Mode Voltage Range 0 to Voc"-1.2 
Tmin < Tamb < Tmax: 0 to Vcc* -1.5 


one Canes Rejection Ratio 
c= 1cm min- 


poe ote Voltage Rejection Ratio 
Voc’ = +5V to +10V 


High Level Output Current 
Via=1V, Von -+5V 
Tmin < Tamb < Tmax. 

Low Level Output Voltage 
Vid = -1V, loc=- 6mMA 
Tmin S Tamb S Tmax. 

loc Supply Current (each comparator) 

No load - Outputs low 
Tmin S Tamb S Tmax. 


tPLH Response Time Low to High 


Vic = OV, f = 10KHz, RL = 5.1kQ, C_=50pF, Overdrive = 5mV 
TTL Input 


tPHL Response Time High to Low 
Vic = OV, f = 10KHz, Rt = 5.1kQ, CL=50pF, Overdrive = 5mV 
TTL Input 


Note: 1. The specified offset voltage is the maximun value required to drive the output up to 4.5V or down to 0.3V. 
2 Maximum values including unavoidable inaccuracies of the industrial test. 


393-05 TBL 
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TS3V555 


3V LOW POWER SINGLE TIMERS 


s DEDICATED TO 3.3V OR BATTERY SUPPLY 
(Specified at 3V and 5V plus 1.5V for A version) 

s VERY LOW POWER CONSUMPTION : 
90UA at Vcc = 3V 

a WIDE SINGLE SUPPLY RANGE : 
+1.5V to +16V 

a HIGH OUTPUT CURRENT CAPABILITY 

s SUPPLY CURRENT SPIKES REDUCED 
DURING OUTPUT TRANSITIONS 

a HIGH INPUT IMPEDANCE : 10'7Q 

a PIN-TO-PIN AND FUNCTIONALLY COMPAT- 
IBLE WITH BIPOLAR NE555 AND CMOS 
TS555 

» OUTPUT COMPATIBLE WITH TTL,CMOS 
AND LOGIC MOS 


DESCRIPTION 


The TS3V555 with its low consumption (Q0uA at 
Vcec =3V) is a single CMOS timer dedicated to 3.3V 
or battery supply (specified at 3V and 5V plus 1.5V 
for A version) offering also a high frequency (f(max) 
2MHzat Vcc= 8V and 2.7 MHz at Vcc = 5V). Thus, 
either in monostable or astable mode, timing re- 
mains very accurate. 

Timing capacitors can also be minimized due to 
high input impedance (1 2 Q). 


PIN CONNECTIONS (top view) 


Output[_|3 


October 1994 


N 
DIP8 
(Plastic Package) 


Xa 


D 
SO8 
(Plastic Micropackage) 


ORDER CODES 


Temperature 
Part Number Range 


TS3V5551,Al -40, +125°C 


nfo 
ele 


3V555-01 TBL 


7|_| Discharge 
6|__| Threshold 


Voltage 


3V555-01 EPS 
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TS3V555 


BLOCK DIAGRAM 


Reset 


Voc 
[8] [4] 
Z 
tS 


Control 
Voltage [5 


her 


Trigger | 2) 


Ground 


3V555-02 EPS 


FUNCTION TABLE 
["HESET.——S«dSC”~*~CSTRIGGER~—~=*«zi;S*~*=é‘STVRESHOLD ‘| ouTpur 


a 
, 
Low : 


LOW <> Level Voltage < Min voltage specified 
HIGH <> Level Voltage = Max voltage specified 
X —- Irrelevant 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Supply Voltage 
Junction Temperature 


3V555-03 TBL 


Symbol | Parameter | Value |i 


Toper Operating Temperature Range % 
TS3V5551,Al -40 to +125 


Storage Temperature Range -65 to +150 °C 


OPERATING CONDITIONS 


Symbol | _———~Parameter—=S~S~dCS*‘“‘*‘“*~*‘~‘ SSCdYSC 
Supply Voltage 715 to +16 


3V555-04 TBL 


3V555-05 TBL 


2/7 ‘ 
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TS3V555 


ELECTRICAL CHARACTERISTICS 
Voc = +3V , Tamb = +25°C , Reset to Vcc (unless otherwise specified) 


ong 


TS3V5551,Al 
Parameter 


cn Ol abt ane load, High and Low States) 
Tamb = 
Tmin. S cae 2 Tmax. 
Control Voltage 
Tamb = +25°C 
Tmin. S Tamb S Tmax. 
Discharge Saturation Voltage (Ibis = 1mA) 


Tamb = +25°C 
Tmin < Tamb S s Tmax- 


oh Level cue Voltage (Isink = 1mA) 
Tamb = 
Tmin S toes Z Tmax: 


met Level oe Voltage (Isource = -0.38mA) 
Tamb = 
Tmin S lanes Tmax 


Thgger Voltage, 
Tamb = 5°C 
Tmin S foes < Tmax. 


tee Trigger Current 
| tty | Threshold Current 


ae eset Voltage 
Tamb = = +25°C 
Tmin. S Tamb S Tmax. 


| Ireset | Reset Current 


Ibis Discharge Pin Leakage Current 
DYNAMIC 
| Min. | Typ. | Max. 
Maung Accuracy (Monostable) % 
R= 10kQ ,C =0.1pF - (note 1) 


le ou with supply voltage variations (Monostable) WIN 


0kQ , C = 0.1LF, Veco = +3V 4/-0.3V - (note 1) 


Timing ai with temperature - (note 1) E.R eed ppm/°C 
Tmin. S Tamb S Tmax. ie 
fmax | Maximum astable frequency - (note 2) MHz 
Ra = 470Q , Re = 200Q, C = 200pF 
Astable frequency accuracy - (note 2) % 
Ra = Rp = 1kQ to 100kQ, C = 0.1p1F <) 


Timing Shift with supply voltage variations (Astable mode) - 
Ra = Rp = 10kQ, C = 0.1NF, Vec= +3 to+5V 


Output Rise Time (Croan = 10pF) a ee ee 
a a a 
[eo gs Pepgeten Doyo 
Se 


Note: 1. See Figure 2 
2. See Figure 4 


(note 2) 


3/7 
5 8s tomson 
687 


3V555-07 TBL 


3V555-06 TBL 


TS3V555 


ELECTRICAL CHARACTERISTICS 
Voc = +5V , Tamb = +25°C , Reset to Vcc (unless otherwise specified) 


STATIC 


TS3V5551, Al 
| Min. | Typ. 


Supply Current - (no load, High and Low States) 
Tamb = +25° 110 250 
Tmin. $ Tamb < Tmax: 


VoL Control Voltage 
Tamb = +25°C 
Tmin. S$ Tamb S Tmax. 


2.9 
2.8 
Vols Discharge Saturation Voltage (Ipis = 10mA) 
Tamb = +25°C 0.2 
Tmin- < Tamb < Tmax: ; 
4.4 
4.4 


EG 
> 


VoL Low Level Output Voltage (Isink = 8mA) 
Tamb = +25°C 
Tmin. S Tamb Ss Tmax. 

VoH High Level Output Voltage (Isource = -2mA) 
Tamb = +25°C . 
Tmin- < Tamb < Tmax. : 

VTRIG Trigger Voltage 
Tamb = +25°C 1.36 1.67 
Timing < Tamb < Tmax. 1 .26 


Threshold Current ie 
Vreset | Reset Voltage 
Tamb = +25°C 0.4 
0.3 


Tmin. S Tamb S Tmax. . 


Reset Current fF 
Discharge Pin Leakage Current a 


DYNAMIC 


oo So W@ Ne) 
e ° > . . oO 
ooo) GO © © oO 


ne) 
> 


> 


mo Ne 
oun So 


100 


= 
> 


in| Typ. 


Timing Accuracy (Monostable) - (note1) 
R = 10kQ , C = 0.1pF - (note 1) 


a pf 
Timing Shift with supply voltage variations (Monostable) - (note1) 
R=10kQ ,C =0.1uF, Voc = +5V +/-1V 0.38 
Timing Shift with temperature - (note1) 
Tmin -S Tamb S Tmax. 
fmax | Maximum astable frequency - (note 2) 
Ra = 470 , Rp = 200Q, C = 200pF 


Astable frequency accuracy - (note 2) 
Ra = Rp = 1kQ to 100kQ, C = 0.1UF 3 
tr 
te 
{pp 


eo) 


75 


2 
=) 3 
oe) 


a 
N 


PS 


Timing Shift with supply voltage variations (Astable mode) - (note 2) 


Ra = Re = 10kQ, C = 0.111F, Voc = +5V to+12V 


Output ise Time (Cion=100F) —SSCSC~iSC‘“c 

a POutput Fall Time (Clow = 10pF)—SCSC=C“~*‘“‘*‘~*“‘“~«~*tCSC~rSCi 

[> a 
a 


Trigger Propagation Delay 


Minimum Reset Pulse Width (Vraic = +5V) 


Note: 1. See Figure 2 
2. See Figure 4 


wn 


= 
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TS3V555 


ELECTRICAL CHARACTERISTICS 
TS3V555Al only 
Vcc = +1.5V , Tamb = +25°C, Reset to Vcc (unless otherwise specified) 


STATIC 


oe Pupp Sait in (no load, High and Low States) ae 
Tamb = 
Control ae 
Tamb = +25° 
pipeialde ae Voltage (Ibis = 1mA) pat 
Tamb = 
Low Level Sup Voltage (Isink = 1mA) 
Tamb = = 
High Level eet Voltage (Ilsource = -0.25mA) 
Tamb = 
Vtric Trigger volage 
Tamb = = 0.5 


Trigger Current 
| Ith | Threshold Current 


nas ie |e 

ama 
VRESET Reset Voltage 

CN: eS TS 


3V555-10 TBL 


DYNAMIC 


3V555-11 TBL 


me Accuracy (Monostable) 
R = 10kQ2 , C = 0.1pF - (note 1) 


Note : 1. See Figure 2 
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TS3V555 


TYPICAL CHARACTERISTICS 


Supply Current (each timer) 
versus supply voltage. 


Figure 1: 


SUPPLY CURRENT, | cc( pA) 


SUPPLY VOLTAGE, Vcc (V) 


APPLICATION INFORMATION 


MONOSTABLE OPERATION 

In the monostable mode,the timer functions as a 
one-shot. Referring to figure 2 the external capaci- 
tor is initially held discharged by a transistor inside 
the timer. 


Figure 2 


=, Control Voltage 
0.01HF 
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3V555-04 EPS 


SGS-THOMS 
MICROELECTRONICS 


The circuit triggers on a negative-going input signal 
when the level reaches 1/3 Vcc. Once triggered,the 
circuit remains in this state until the set time has 
elapsed,even if it is triggered again during this 
interval. The duration of the output HIGH state is 
given byt=1.1 RxC. 

Notice that since the charge rate and the threshold 
level of the comparator are both directly propor- 
tional to supply voltage, the timing interval is inde- 
pendent of supply. Applying a negative pulse 
simultaneously to the Reset terminal (pin 4) and the 
Trigger terminal (pin 2) during the timing cycle 
discharges the external capacitor and causes the 
cycle to start over. The timing cycle now starts on 
the positive edge of the reset pulse. During the time 
the reset pulse is applied, the output is driven to its 
LOW state. 

When a negative trigger pulse is applied to pin 2, 
the flip-flop is set, releasing the short circuit across 
the external capacitor and driving the output HIGH. 
The voltage across the capacitor increases expo- 
nentially with the time constant t = R x C. 

When the voltage across the capacitor equals 2/3 
Vcc, the comparator resets the flip-flop which then 
discharges the capacitor rapidly and drives the 
output to its LOW state. 

Figure 3 shows the actual waveforms generated in 
this mode of operation. 

When Reset is not used, it should be tied high to 
avoid any possible or false triggering. 


Figure 3 
t=0.1 ms/div 


INPUT = 2,0V/div 
are it 2 Hee —— - 


OUTPUT VOLTAGE = 5. ag: 


CoTLEa Ta 
CAPACITOR VOLTAGE = 2.0V/div 
R=9.1kQ, C=O01HF , Ri =1.0k2 


‘| 


ON 


3555-05 EPS 


ASTABLE OPERATION 


When the circuit is connected as shown in figure 4 
(pin 2 and 6 connected) it triggers itself and free 
runs aS a multivibrator. The external capacitor 
charges through Ra and Rg and discharges 
through Rg only. Thus the duty cycle may be pre- 
cisely set by the ratio of these two resistors. 

In the astable mode of operation, C charges and 
discharges between 1/3 Vcc and 2/3 Vcc. Asin the 
triggered mode, the charge and discharge times 
and therefore frequency, are independent of the 
supply voltage. 

Figure 5 shows actual waveforms generated in this 
mode of operation. 


Figure 4 


Control 
Voltage 
0.01 HF 


3V555-06 EPS 


TS3V555 


The charge time (output HIGH) is given by : 
ti = 0.693 (Ra+ Rp) C 

and the discharge time (output LOW) by : 
t2 = 0.693 (Rg) C 

Thus the total period T is given by : 

T=t1 +t2 = 0.693 (Ra + 2Rp) C 


The frequency of oscillation is then : 


Pe, ee ae 
T (Ra+2Rp) C 
The duty cycle is given by :D= ga: 
Ra +2Rp 
Figure 5 
t=0.5 ms/div 


OUTPUT VOLTAGE = 5.0V/div 


E 
AN ANZANZNVAN 
FEUEARERED 


CAPACITOR VOLTAGE = 1.0V/div 
Ry= Rp=4.8kQ, C=01HF , Rp=1.0k2 
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3V LOW POWER DUAL TIMERS 


s DEDICATED TO 3.3V OR BATTERY SUPPLY 
(Specified at 3V and 5V plus 1.5V for A version) 

a VERY LOW POWER CONSUMPTION : 
90LA/tim at Vcc = 3V 

» WIDE SINGLE SUPPLY RANGE : 
+1.5V to +16V 

s HIGH OUTPUT CURRENT CAPABILITY 


» SUPPLY CURRENT SPIKES REDUCED N 

DURING OUTPUT TRANSITIONS DIP14 
a HIGH INPUT IMPEDANCE : 10'7Q nase eeehage) 
» PIN-TO-PIN AND FUNCTIONALLY COMPAT- 

IBLE WITH BIPOLAR NE556 AND CMOS 

TS556 
» OUTPUT COMPATIBLE WITH TTL,CMOS 

AND LOGIC MOS D 

S014 

DESCRIPTION (Plastic Micropackage) 


The TS38V556 with its low consumption (90nA/tim 
at Vcc = 3V) is a dual CMOS timer dedicated to 
3.3V or battery supply (specified at 3V and 5V plus 
1.5V for A version) offering also a high frequency 
(f(max) 2MHz at Vcc= 3V and 2.7 MHz at Vcc = SV). ORDER CODES 


Thus, either in monostable or astable mode, timing 


remains very accurate. i 
Timing capacitors can also be minimized due to hie aN) SDL! 
TS3V5561,Al -40,+4125C | @ | e | 


3V556-01 TBL 


high input impedance (10! Q). 


PIN CONNECTIONS (top view) 


Discharge 1 Voc 
Threshold 2 Discharge 


Control Voltage 3 Threshold 


Reset 4 Control Voltage 


Output 5 Reset 
Trigger Output 


GND Trigger 


3V556-01 EPS 
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BLOCK DIAGRAM (1/2 TS3V556) 


—] — 
a 
i 


Control 
3/11 
6/8 
a 


Ground 


Discharge 
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FUNCTION TABLE 


TRIGGER THRESHOLD | OUTPUT. 
Pt ig 


Low. : 
X High 7 
pHigh Eight 
LOW <> Level Voltage < Min voltage specified “3 
HIGH <> Level Voltage => Max voltage specified 
X a Irrelevant 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Supply Voltage 
Junction Temperature 


THERMAL CHARACTERISTICS 


vas 


Toper Operating Temperature Range °C 
TS3V5561,Al -40 to +125 


Storage Temperature Range -65 to +150 


OPERATING CONDITIONS 


Symbol | ——-Parameter—=—=S~*~*~—SCSC*C<“~*‘“~*~*~*~«WSSSCSCSC*~*~rSC*« 


3V556-03 TBL 


3V556-04 TBL 


3V556-05 TBL 


Supply Voltage +1.5 to +16 
ee a eS { SGS-THOMSON 
IF MICROELECTRONICS 


TS3V556 


ELECTRICAL CHARACTERISTICS 
Voc = +3V, Tamb = +25°C , Reset to Vcc (unless otherwise specified) 


STATIC 
| Min, | Typ. | Max. 
loc Supply Current - (no load, High and Low States, per timer) LA 

Tamb = 425°C 230 
Tmin S Tamb S Tmax. 230 

VoL Control Voltage V 
Tamb = +25°C 1.8 2 2.2 
Tmin S Tamb S Tmax. 1.7 aa 

Vois Discharge Saturation Voltage (Ipis = 1mMA) V 
Tamb = +25°C 0.05 0.2 
Tmin S Tamb S Tmax. - 0.25 

VoL Low Level Output Voltage (Isink = 1mA) V 
Tamb = +25°C 0.1 0.3 
Tmin < Tamb < Tmax. 0.35 

VoH High Level Output Voltage (lsource = -0.3mA) V 
Tamb =+25'C 2.5 2.9 
Tmin < Tamb < Tmax: 2.5 

VtRIG Trigger Voltage V 
Tamb = +25°C 0.9 1 1.1 
Tmin S Tamb S Tmax. 0.8 1.2 


Trigger Current a 
Threshold Current ae sae 


VRESET Reset Voltage V 
Tamb = +25°C 0.4 1.1 1.5 
Tmin. S$ Tamb S Tmax 0.3 2.0 
Discharge Pin Leakage Current 


DYNAMIC 


Timing Accuracy (Monostable) 


R = 10kQ , C =0.1pF - (note 1) 1 
Timing Shift with supply voltage variations (Monostable) 


SIV 
Timing Shift with temperature - (note 1) ppm/°C 
Tmin. S Tamb S Tmax. 75 
fmax | Maximum astable frequency - (note 2) MHz 
Ra = 470Q , Rp = 200Q, C = 200pF 2 
Astable frequency accuracy - (note 2) % 
Ra = Rp = 1kQ to 100kQ, C = 0.1LF S 


Pd Timing Shift with supply voltage variations (Astable mode) - (note 2) 


Ra = Rp = 10kQ, C = 0.111F, Vec= +3 to+5V 


[Output ise Time (Ciom=10pF) SS SSSSC*YCSSCSC*dSC |i 
[Output Fal Time (Cion=t0pF)SSSSC~<“<~‘—‘~‘~S*~‘“(SSC*YSSC*dtCs 

tro | Tigger Propagation Delay SSS~SCSCSCS 

Minimum Reset Pulse Width (Vrric = +3V) ee 


Note: 1. See Figure 2 
2. See Figure 4 


: 3/7 
Ky SES THOMSON ae 


3V556-06 TBL 


3V556-07 TBL 


TS3V556 
ELECTRICAL CHARACTERISTICS 
Voc = +5V , Tamb = +25°C , Reset to Vcc (unless otherwise specified) 


STATIC 


Supply ee (no load, High and Low States, per timer) 
Tamb = +25°C 


TS3V5561,Al 


Tmin. S sae < Tmax. 


Control Voltage V 
Tamb = +25°C 2.9 3.3 3.8 
Tmin- S Tamb S Tmax. 2.8 3.9 
Vois Discharge Saturation Voltage (Ipis = 10mA) V 
Tamb = +25°C 0.2 0.3 
Tin. < Tamb < Tmax. 0.35 
pa Level coat Voltage (Isink = 8mA) V 
Tamb = +25°C 0.3 0.6 
Tmin. S Tame < < Tmax. 0.8 
ne Level oe Voltage (IsourcE = -2mA) V 
Tamb = 4.4 4.6 
Tmin- < sais < Tmax. 4.4 
VTRIG Trigger Voltage V 
Tamb = +25°C 1.36 1.67 1.96 
Tmin. < Tamb < Tmax. 1.26 2.06 


Trigger Current es ee eS a 
Threshold Current ia eT ae aE 


a pie Voltage V 
Tamb = +25°C 0.4 1.1 1.5 
Tmin- s Tamb S < Tmax. 0.3 2.0 


Reset Current 


Discharge Pin Leakage Current 


iin. | Typ. | Max 
Timing Accuracy (Monostable) - (note1) % 
R=10kQ,C =0.1pF - ase 2 


Timing Shift with supply voltage variations (Monostable) - (note1) 


,C=O0.1nF, Voc = +5V +/-1V 


Timing Shift with temperature - (note1) ppm/°C 
Tmin -S Tamb S Tmax. 75 


fmax Mesnam astable frequency - (note 2) MHz 
Ra = 470Q , Rp = 2002, 6 200pF 2.7 
Astable frequency accuracy - (note 2) % 
Ra = Re = 1kQ to 100kQ, C = 0.1uUF 
Timing Shift with supply voltage variations (Astable mode) - (note 2) %IV 
Ra = oa = woos = 0.1LF, wee +5V to+12V 0.1 


W[ Output Rise Time (Ciowo=109F)SSC~iSSCSC‘id 
ere 


[Output Fall Time (Cios=10F)——S=SC~—S*~“~*~S*~*~SSC“‘“stSYC*d Cs 
Trigger Propagation Delay SSCSCS~C~S~SsTi ts 
[os 


3556-09 TBL 


tp 
Minimum Reset Pulse Width (Vtrig = +5V) | | 850 | 


Note: 1. See Figure 2 
2. See Figure 4 
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ELECTRICAL CHARACTERISTICS 
TS3V556Al only 
Voc = +1.5V , Tamb = +25°C, Reset to Vcc (unless otherwise specified) 


STATIC 


TS3V556Al 


mt | ome 
<- oupe Ee load, High and Low States, per timer) a | 
Tamb a 


vo ae 
Tamb = 
Vois Discharge aa Voltage (Ipis = 1mA) 
Tamb = = +25° 
Low Level Output Voltage (Isinx = 1mA) V 
Tamb = +25°C 0.2 0.4 
Von High Level Output Voltage (Isource = -0.25mA) V 
Tamb = = +25°C 1.0 1.25 
VIRIG Trigger Voltage V 
Tamb = +25°C 0.4 0.5 


[ie [Tigger Curent tp 
a 


ss Be lal ae 
Tamb = 


DYNAMIC 


3V556-10 TBL 


ome] tome me | 
as a 
wae. mrss 


Timing Accuracy (Monostable) 


E 11 TBL 


R=10kQ,C=0.1pF - (note 1) 
Note: 1. See Figure 2 
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TYPICAL CHARACTERISTICS 


Supply Current (each timer) 
versus supply voltage. 


Figure 1: 


SUPPLY CURRENT, | cc( pA) 


SUPPLY VOLTAGE, Vcc (V) 


APPLICATION INFORMATION 


MONOSTABLE OPERATION 

In the monostable mode,the timer functions as a 
one-shot. Referring to figure 2 the external capaci- 
tor is initially held discharged by a transistor inside 
the timer. 


Figure 2 


1/2 
TS3V556 


Control! Voltage 


a 0.01 pF 
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3V556-04 EPS 


The circuit triggers on a negative-going input signal 
when the level reaches 1/3 Vcc. Once triggered,the 
circuit remains in this state until the set time has 
elapsed,even if it is triggered again during this 
interval. The duration of the output HIGH state is 
given byt=1.1 RxC. 

Notice that since the charge rate and the threshold 
level of the comparator .are both directly propor- 
tional to supply voltage, the timing interval is inde- 
pendent of supply. Applying a negative pulse 
simultaneously to the Reset terminal (pin 4 or 10) 
and the Trigger terminal (pin 2 or 8) during the 
timing cycle discharges the external capacitor and 
causes the cycle to start over. The timing cycle now 
starts on the positive edge of the reset pulse. 
During the time the reset pulse is applied, the 
output is driven to its LOW state. 

When a negative trigger pulse is applied to the 
trigger terminal, the flip-flop is set, releasing the 
short circuit across the external capacitor and driv- 
ing the output HIGH. The voltage across the ca- 
pacitor increases exponentially with the time 
constantt=RxC. 

When the voltage across the capacitor equals 2/3 
Vcc, the comparator resets the flip-flop which then 
discharges the capacitor rapidly and drives the 
output to its LOW state. 

Figure 3 shows the actual waveforms generated in 
this mode of operation. 

When Reset is not used, it should be tied high to 
avoid any possible or false triggering. 


Figure 3 
t=0.1 ms/div 


ao sae anes i 


OUTPUT VOLTAGE = 5 is 


Paria 
CO 


CAPACITOR VOLTAGE = 2 OV/div 
R=9.1kQ, C=0.01HF , Rj = 1.0k2 


Ra a 
LE 


SGS-THOMSON 
MICROELECTRONICS 
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ASTABLE OPERATION 


When the circuit is connected as shown in 

figure 4 , it triggers itself and free runs as a multivi- 
brator. The external capacitor charges through Ra 
and Rep and discharges through Rg only. Thus the 
duty cycle may be precisely set by the ratio of these 
two resistors. 


In the astable mode of operation, C charges and 
discharges between 1/3 Vcc and 2/3 Vcc. Asin the 
triggered mode, the charge and discharge times 
and therefore frequency, are independent of the 
supply voltage. 


Figure 5 shows actual waveforms generated in this 
mode of operation. 


Figure 4 


Control 


kyg & S65 THONSC ics 
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TS3V556 


The charge time (output HIGH) is given by : 
ti = 0.693 (Ra+ Rp) C 
and the discharge time (output LOW) by : 
t2 = 0.693 (Rp) C 
Thus the total period T is given by : 
T=t1 + t2 = 0.693 (Ra + 2Rp) C 
The frequency of oscillation is then : 
1 1.44 


ae (Ra + 2Rp) C 


Rp 


The duty cycle is given by: D = Rat 2Re 


Figure 5 
t= 0.5 ms/div 


OUTPUT VOLTAGE = 5.0V/div 


CAPACITOR VOLTAGE = 1.0V/div 
Ra= Rp=4.8kQ, C=0.1KF , Ry =1.0kQ 


3V556 07 EPS 
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TS3V902 


3V INPUT/OUTPUT RAIL TO RAIL DUAL 
OPERATIONAL AMPLIFIER (WITH STANDBY POSITION) 


® DEDICATED TO 3.3V OR BATTERY 
SUPPLY (specified at 3V and 5V) 

® RAIL TO RAIL INPUT AND OUTPUT 
VOLTAGE RANGES 

# STANDBY POSITION : REDUCED CON- 
SUMPTION (1n,A) AND HIGH IMPEDANCE 
OUTPUTS 

=» SINGLE SUPPLY OPERATION FROM 
2.7V TO 16V 

= EXTREMELY LOW INPUT BIAS CURRENT : 
1pA TYP 

=# LOW INPUT OFFSET VOLTAGE : 
1.5mV max. 

=# SPECIFIED FOR 6002 AND 100Q LOADS 

= LOW SUPPLY CURRENT : 200uA/Ampili 


DESCRIPTION 


The TS3V902 is a RAIL TO RAIL dual CMOS 
operational amplifier designed to operate with a 
single 3V supply voltage. 
The input voltage range Vicm includes the two 
supply rails Vcc’ and Vcc. 
The output reaches : 
e Voc +50mV Vcc* -50mV — with RL = 10kQ 
e Voc +3850mV Vcc* -350mV_ with RL = 600 
This product offers a broad supply voltage operat- 
ing range from 2.7V to 16V and a supply current of 
only 200pnA/amp. (Vcc = 3V). 
The TS3V902 can be put on STANDBY position 
(only 0.5uA and high impedance outputs). 


October 1994 


a 


N D 
DIP14 S014 
(Plastic Package) (Plastic Micropackage) 


ORDER CODES 


Part Number Temperature Range 
TS3V902/AI/BI -40,+125°C | e | «| 


PIN CONNECTIONS (top view) 


Standby Vect 


902-01 TBL 


Output 1 

NC 

Inverting Input 1 
Non-inverting input 1 
NC 


NC 


Output 2 

NC 

Inverting Input 2 
Non-inverting Input 2 
NC 


Vec™ 
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TS3V902 


SCHEMATIC DIAGRAM (1/2 TS3V902) 


Standby O—> 


Internal 
Non-inverting Vref 


902-02 EPS 


STANDBY POSITION 


902-03 EPS 


| Symbol [| Parameter =| Value Unit 
[inf Currentoninputs DA 
|e | Currenton Outputs mA 
wlsiale 

°C 


Toper Operating Free Air Temperature Range G 
TS3V9021/Al/BI -40 to +125 


Storage Temperature -65 to +150 K-86 


Notes: 1. All voltage values, except differential voltage are with respect to network ground terminal. 
2. Differential voltages are the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of input and output voltages must never exceed Vcc’ +0.3V. 


OPERATING CONDITIONS 


Symbol | Parameter =| ate | Unit_ 
Supply Voltage 2.7 to 16 
Common Mode Input Voltage Range Voc’ -0.2 to Vcc" +0.2 


902-02 TBL 


902-03 TBL 
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ELECTRICAL CHARACTERISTICS 
Vcc* = 3V, Vcc = OV, RL,CL connected to Vcc/2, Standby OFF, Tamb = 25°C 


(unless otherwise specified) 
Symbol Parameter deen eu BTel 
Vio Input Offset Voltage (Vic = Vo = Vcc/2) TS3V902 
TS3V902A 
TS3V902B 


Tmin < Tamb S$ Tmax TS3V902 
TS3V902A 
TS3V902B 


Input Offset Voltage Drift | =| 2) [ope 
Input Offset Current - (note 1) 1 100 pA 
Tmin S$ Tamb S$ Tmax 200 
Input Bias Current - (note 1) 1 150 pA 
Tmin S Tamb < Tmax 300 
Supply Current (per amplifier, Avc. = 1, no load) 200 300 nA 
Tmin S Tamb S Tmax 400 


DVio 


Ri = 100kQ 
Ri = 10kQ 
Ri = 600Q 
Ri = 100 


Rit = 10kQ 
Ri = 600Q 


Ri = 100kQ 
Ri = 10kQ 
Ri = 6000 
Ri = 100Q 


Ri = 10kQ 
Ri = 600 


GBP Gain Bandwidth Product 


(Avct = 100, Ri = 10kQ, Cy = 100pF, f = 100kHz) 


| Sm _| || 80 | | Degrees | 
| en Equivalent Input Noise Voltage (Rs = 1002, f = 1kHz) Fil 40 te a 
Channel Separation (f = 1kHz) a ee 


Note 1 : Maximum values including unavoidable inaccuracies of the industial test.’ 


STANDBY MODE 
Voc* = 8V, Vcc = OV, Tamb = 25°C (unless otherwise specified) 


| Min, | Max. | 
[Vinsavion | Pin 1 Threshold Voltage forSTANDBYON | | | 
a = 
ae fee 


TS3V9021/Al/BI 


Pin 1 Threshold Voltage for STANDBY OFF 
Total Consumption in Standby Position (STANDBY ON) 


902-06 TBL 
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ELECTRICAL CHARACTERISTICS 


(unless otherwise specified) 
Tmin < Tamb S$ Tmax TS3V902 
mee Bias Current - (note 1) 
Supply Voltage Rejection Ratio (Vcc* = 3 to 5V, Vo = Vcc /2) 


| Min. | Typ. | Max. | 
TS3V902A 
Tmin S Tamb S Tmax. 
Bell Large Signal Voltage Gain (RL = 10k, Vo = 1.5V to 3.5V) 
Tmin < Tamb S$ Tmax. Ri = 10kQ 


Input Offset Voltage (Vic = Vo = Vcc/2) TS3V902 12 mV 
5 
1.5 
12 
f 
TS3V902B 
Lae supe Current sper amplifier, Avct = 1, no load) 
Tmin S Tamb S Tmax. 
Tmin S< Tamb S Tmax 
VoL 
R_ = 6000 


TS3V902A 
Input Offset Voltage Drift RE 2 pVeC 
Common Mode Rejection Ratio 
High Level Output Voltage (Vid = 1V) 
Fs Output Short Circuit Current (Vig = +1V) Source (Vo=Vcc ) 


Ri = 100kQ 
Ri = 10kQ 
Ri = 6002 
Ri = 100Q 


Tmin S Tamb $ Tmax. Ri = 10kQ 
Ri = 6002 


Ri = 100kQ 
Ri = 10kQ 
Ri = 6000 
Ri = 100Q 


Low Level Output Voltage (Via = -1V) 


Voc" = 5V, Vcc = OV, RL,CL connected to Vcc/2, Standby OFF, Tamb = 25°C 
TS3V902B 
Input Offset Current - (note 1) 100 pA 
Tmin S Tamb S Tmax 200 
Vic = 1 5 to 3.5V, Vo = 2.5V 
Sink (Vo = Voc’) 


GBP Gain Bandwidth Product 
(Avc. = 100, Ri = 10kQ, C,_ = 100pF, f = 100kKHz) 


Slew Rate (Avci = 1, Ri = 10kQ, Ci = 100pF, Vi =1V to 4V) 


Phase Margin 


vEreE 1: Maximum values including unavoidable inaccuracies of the industial test. 


902-05 TBL 


STANDBY MODE 
Vec* = 5V, Voc’ = OV, Tamb = 25°C (unless otherwise specified) 


Typ. | Max 


Pin 1 Threshold Voltage for STANDBY ON Min _|_type_t_ Mer Vv 
Pin 1 Threshold Voltage for STANDBY OFF ane a ae Se ac 
Total Consumption in Standby Position (STANDBY ON) a a ee ee 


902-07 TBL 
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TYPICAL CHARACTERISTICS 


Figure 1a 


SUPPLY QURFENT, loc (uu A) 


Figure 2 : 


INPUT BIAS CURRENT, | ip (BA) 


0 4 8 12 
SUPPLY VOLTAGE, V oc (VY) 


: Supply Current (each amplifier) 
versus Supply Voltage 


ca aaa CA a 


Figure 3b : High Level Output Voltage versus 


OUTPUT VOLTAGE, Vox (V) 


High Level Output Current 


Tam =25°C |_| 
Vy =10omv |_| 


StandbyOFF| _| 


OUTPUT CURRENT, Io (mA) 


S77 


16 


) 
ii 
S 
N 
B 


Input Bias Current versus Temperature 


Figure 1b : Supply Current (each amplifier) 
versus Supply Voltage (in STANDBY) 


SUPPLY CURRENT, loc (uA) 


[iar Cece ae GO”, aa 

a a ee ee ee ae ee 
O 4 8 12 16 » 
SUPPLY VOLTAGE, Voc(V) 8 
8 


Figure 3a : High Level Output Voltage versus 
High Level Output Current 


OUTPUT VOLTAGE, Vow (V) 
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OUTPUT CURRENT, lo, (mA) 


Figure 4a : Low Level Output Voltage versus 
Low Level Output Current 


215 
S 
5&4 
> 
2 
3 
‘ 
S 2 a 
e CT —— 
ae ae 4S Reeser as 
Ae aan eS re eee 
Vda SS (a i a a 
0 10 20 30 40 50 60 
; g 
3 OUTPUT CURRENT, |,, (mA) g 
: 3 
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Figure 4b : Low Level Output Voltage versus Figure 5a : Open Loop Frequency Response 
Low Level Output Current and Phase Shift 
10 
= 
=° 2 3 
Ww aa) ha 
2 6 Ss D 
i z O 
5 = TT = 
9 4 6G NH us 
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Figure 7b : Phase Margin versus Supply Voltage Figure 8: Input Voltage Noise versus Frequency 
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STANDBY APPLICATION 
The two operators of the TS3V902 are both put on STANDBY. 
In this configuration (standby ON) : 


= The total consumption of the circuit is considerably reduced down to 0.5uA (Vcc = 3V). 


This standby consumption versus Vcc curve is given figure 1b. 


= The both outputs are in high impedance state. 
No output current can then be sourced or sinked by the device. 


The standby pin 1 should never stay unconnected. 
= The "standby OFF" state, is reached when the pin 1 voltage is higher than Vin sBy/orr. 
= The "standby ON" state is assured by a pin 1 voltage lower than Vin sBy/on. 

(see electrical characteristics) 
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3V INPUT/OUTPUT RAIL TO RAIL 
DUAL OPERATIONAL AMPLIFIER 


=» DEDICATED TO 3.3V OR BATTERY 
SUPPLY (specified at 3V and 5V) 
= RAIL TO RAIL INPUT AND OUTPUT 


VOLTAGE RANGES 
# SINGLE SUPPLY OPERATION FROM 

2.7V TO 16V ca 
eB EXTREMELY LOW INPUT BIAS CURRENT : 


1pA TYP 
# LOW INPUT OFFSET VOLTAGE : 
5mV max. 
=» SPECIFIED FOR 6002 AND 100Q LOADS N D 
= LOW SUPPLY CURRENT : 200uA/Ampili DIP8 SO8 
(Plastic Package) (Plastic Micropackage) 
ORDER CODES 
PartNumber | Temperature Range z 
40,1250 [+ | « |é 
PIN CONNECTIONS (top view) 
DESCRIPTION 


The TS3V912 is a RAIL TO RAIL dual CMOS 
Operational amplifier designed to operate with a 
single 3V supply voltage. 
The input voltage range Vicm includes the two 
supply rails Vcc* and Vcc’. 
The output reaches : 
®* Veco +50mMV Vcc’ -50mV with RL = 10kQ 
* Voc +350mV Vcc’ -350mV_ with RL = 600Q 
This product offers a broad supply voltage operat- 
ing range from 2.7V to 16V and a supply current of 
only 200pnA/amp. (Vcc = 3V). 


912-01 EPS 
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SCHEMATIC DIAGRAM (1/2 TS3V912) 


Non-inverting 


Input 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage - (note 1) 
Differential Input Voltage - (note 2) 
input Voltage - (note 3) 
| lo | Current on Outputs 


Toper Operating Free Air Temperature Range 
TS3V91 2lI/Al -40 to +125 


Storage Temperature -65 to +150 


Notes: 1. All voltage values, except differential voltage are with respect to network ground terminal. 
2. Differential voltages are the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of input and output voltages must never exceed Vcc” +0.3V. 
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OPERATING CONDITIONS 


Symbol 


Supply Voltage 2.7 to 16 
Common Mode Input Voltage Range Voc -0.2 to Vec*+0.2 
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ELECTRICAL CHARACTERISTICS 
Vec* = 3V, Vcc’ = OV, RL,Ci connected to Vcc/2, Tamb = 25°C (unless otherwise specified) 


oe 2V/Al 


| Typ. | Max. | 
Vio Input Offset Voltage (Vic = Vo = Vec/2) TS3V912 12 mV 
TS3V912A 5 
Tmin S Tamb S Tmax. TS3V912 42 
TS3V912A 7 
DVio _| Input Offset Voltage Drift Ez = eae ee 


nee Offset Current - (note 1) 1 100 pA 
Tmin S$ Tamb S$ < Tmax. 200 
hea Input Bias Current - (note 1) 150 pA 
Tmin S Tamb S$ Tmax 300 
Supply ete (per amplifier, Avc. = 1, no load) 300 
Tin Tamb <T Tmax 400 
Common Mode Rejection Ratio 
Vic = 0 to 3V, Vo=1.5V 
an Supply Voltage Rejection Ratio (Vcc* = 2.7 to 3.3V, Vo = Vcc /2) 
ee Signal ev ae Gain (Ri = 10kQ, Vo = 1.2V to 1.8V) 


Tmin <T Tamb S 


High Level Sean Voreont (Vid = 


VOH 1V) io = 100kQ 
Ri = 10kQ 
Ri = 6002 


Ri = 1000 


Ri = 10kQ 
Ri = 6000 


Ri = 100kQ 
Ri = 10kQ 
Ri = 6002 
Ri= 1002 


Tmin < Tamb < Tmax 


Low Level Output Voltage (Vig = -1V) 


Tmin S Tamb < Tmax Ri = 10kQ 


Ri = 600Q 
Output Short Circuit Current (Vig = +1V) Source (Vo=Vcc_ ) 
Sink = (Vo = Vcc") 


GBP Gain Bandwidth Product 
(Avct = 100, Ri = 10kQ, CL = 100pF, f = 100kHz) 


Slew Rate (Avci = 1, Ri = 10kQ, CL = 100pF, Vj =1.3V to 1.7V) 


BY) 


@m_| Phase Margin | | 380 | | Degrees 
Equivalent Input Noise Voltage (Rs = 100Q, f = 1KHz) 40 a 
Channel Separation (f = 1kHz) aa ee ee ee 


Note 1 : Maximum values including unavoidable inaccuracies of the industial test 
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ELECTRICAL CHARACTERISTICS 
Vcc* = 5V, Vcc’ = OV, RL,CL connected to Vcc/2, Tamb = 25°C (unless otherwise specified) 


| Min. | Typ. | Max. | 


Input Offset Voltage (Vic = Vo = Vcc/2) TS3V912 
TS3V912A 


Tmin < Tamb S$ Tmax TS3V912 
TS3V912A 


Input Offset Voltage Drift 
Input Offset Current - (note 1) 
Tmin S$ Tamb S$ Tmax 
Input Bias Current - (note 1) 
Tmin. S Tamb S$ Tmax 
Supply Current (per amplifier, Avct = 1, no load) 
Tmin S Tamb S$ Tmax 
Common Mode Rejection Ratio 
Vic = 1.5 to 3.5V, Vo= 2.5V 
Supply Voltage Rejection Ratio (Vcc* = 3 to 5V, Vo = Vcc /2) 
Large Signal Voltage Gain (RL = 10k, Vo = 1.5V to 3.5V) 


Tmin S Tamb S$ Tmax 


Vou High Level Output Voltage (Via = 1V) Ri = 100kQ 
Ri = 10kQ 
Ri = 600Q 
Ri = 1000 


Tmin S Tamb S$ Tmax Ri = 10kQ 
Ri. = 6000 
Low Level Output Voltage (Via = -1V) Ri = 100kQ 
Ri = 10kQ 
Ri = 600Q 
Ri = 100Q 


Tmin < Tamb $ Tmax Re = 10kQ 
Ri = 600Q 


Gain Bandwidth Product 
(Avct = 100, Ry = 10kQ, C_ = 100pF, f = 100kHz) 


Slew Rate (Avct = 1, Ri = 10kQ, Cr = 100pF, V,; =1V to 4V 


Phase Margin 


Note 1 : Maximum values including unavoidable inaccuracies of the industial test. 
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TYPICAL CHARACTERISTICS 
Figure 1: Supply Current (each amplifier) Figure 2: Input Bias Current versus Temperature 
versus Supply Voltage 
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Figure 4a : Low Level Output Voltage versus Low Figure 4b : Low Level Output Voltage versus Low 
Level Output Current Level Output Current 
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Figure 5a : Open Loop Frequency Response and Figure 5b : Open Loop Frequency Response and 
Phase Shift Phase Shift 
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Figure 7a : Phase Margin versus Supply Voltage Figure 7b : Phase Margin versus Supply Voltage 
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Figure 8: Input Voltage Noise versus Frequency 
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3V MICROPOWER DUAL VOLTAGE COMPARATORS 


cn 


= DEDICATED TO 3.3V OR BATTERY SUPPLY 
(specified at 3V and 5V) 

=» PUSH-PULL CMOS OUTPUT (NO EXTER- 
NAL PULL-UP RESISTOR REQUIRED) 

= EXTREMELY LOW SUPPLY CURRENT : 
7uA typ / comparator 

=» WIDE SINGLE SUPPLY RANGE 
2.7V TO 16V 

= EXTREMELY LOW INPUT CURRENTS : 
1pA TYP 

# INPUT COMMON-MODE VOLTAGE RANGE 
INCLUDES GND 

= FAST RESPONSE TIME : 2us typ for 
5mV overdrive 

se PIN-TO-PIN AND FUNCTIONALLY 
COMPATIBLE WITH BIPOLAR LM393 


\ 


DESCRIPTION 


The TS3V3702 is a micropower dual CMOS volt- 
age comparator with extremely low consumption of 
7A typ / comparator (20 times less than bipolar 
LM393). The push-pull CMOS output stage allows 
power and space saving by eliminating the external 
pull-up resistor required by usual open-collector 
output comparators. 


Thus response times remain similar to the LM393. 
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N D 
DIP8 SO8 
(Plastic Package) (Plastic Micropackage) 


ORDER CODES 


Temperature Package 
Part Number “4 
Range @ 
pn i oi 
TS3V37021 -40°C,+125°C | e | e {8 


PIN CONNECTIONS (top view) 


Output 1 Veco * 


Inverting Input 1 Output 2 


Non-inverting Input 1 Inverting Input 2 


Veco Non-inverting Input 2 
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SCHEMATIC DIAGRAM (for 1/2 TS3V3702) 


3702-02 EPS 


MAXIMUM RATINGS 
Parameter 
- Supply Voltage - (note 1) 


Toper Operating Free-Air Temperature Range 
TS3V3702I -40 to +125 


Storage Temperature Range -65 to +150 


Notes : 1. All voltage values, except differential voltage, are with respect to network ground terminal. 
2. Differential voltages are the non-inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input and the output voltages must never exceed the magnitude of the positive supply voltage. 
4. Short circuit from outputs to Vcc* can cause excessive heating and eventual destruction. 
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OPERATING CONDITIONS 


Supply Voltage 2.7 to 16 V 
Common Mode Input Voltage Range 0 to Vec* -1.5 V 
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ELECTRICAL CHARACTERISTICS 
Voc* = 3V, Vcc = OV, Tamb = 25°C (unless otherwise specified) 


Symbol Parameter | Min, | Typ. | Max. | Unit 
Vio Input Offset Voltage - (note 1) mV 
Vic = 1.5V 5 
Tmin S Tamb S Tmax. 6.5 
Input Offset Current - (note 2) pA 
Vie = 1 5 V { 
Tmin < Tamb < Tmax. 300 
Input Bias Current - (note 2) pA 
Vic=1.5V 1 
Tmin S Tamb S Tmax. 
Viem Input Common Mode Voltage Range 0 to Vcc*-1.2 V 
Tmin < Tamb < Tmax: 0 to Vec* -1 5 
CMR Common-mode Rejection Ratio 
Vic = Vim min. 
SVR Supply Voltage Rejection Ratio 
Vec* = 8V to 5V 75 


VoH High Level Output Voltage V 
Vid = 1V, lon --4mA 2 2.4 
Tmin S Tamb S Tmax. 1.8 
VoL Low Level Output Voltage mV 
Vid=-1V, loL=4mA "300 400 
Tmin < Tamb < Tmax: 450 
Icc Supply Current (each comparator) pA 
No load - Outputs low 7 20 
Tmin S Tamb < Tmax. 25 
tPLH Response Time Low to High 
Vic = OV, f = 10KHz, CL = 50pF, 
tPHL 
Vic = OV, f = 10kKHz, Cy. = 50pF, Overdrive = 5mV 
TTL Input 


Note: 1. The specified offset voltage is the maximun value required to drive the output up to 4.5V or down to 0.3V. 
2. Maximum values including unavoidable inaccuracies of the industrial test. 


Overdrive = 5mV 


Response Time High to Low 
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TS3V3702 


ELECTRICAL CHARACTERISTICS 
Vcc’ = 5V, Vcc’ = OV, Tamb = 25°C (unless otherwise specified) 


ig) 
oO : 
=) 

TC 


Parameter 
Input Offset Voltage - (note 1) 


Ic=c. 
Tmin < Tamb < Tmax. 
Input Offset Current - (note 2) 
Vic = 2. 
Tmin < Tamb < Tmax. 


Symbol 


Vio 
2 


< 
we) ine) 
oO Oo 
< <= 
ne} 
(o>) 
3 


Input Bias Current - (note 2) pA 
Vic=2.5V 1 
Tmin < Tamb < Tmax. 
Vicm Input Common Mode Voltage Range 0 to Vcc*-1.2 
Tmin < Tamb < Tmax- 0 to Vec* -1.5 


CMR Common-mode Rejection Ratio 
Vic = Vicm min. 


SVR Supply Voltage Rejection Ratio 
cc’ = +5V to +10V 


High Level Output Voltage 
Via=1V, lon --4mA 
Tmin < Tamb < Tmax. 

Low Level Output Voltage 
Vid=-1V, loL=-4mA 
Tmin < Tamb Ss Tmax: 


Supply Current (per comparator) 
No load - Outputs low 
Tmin < Tamb < Tmax. 

tPLH Response Time Low to High 


Vic = OV, f = 10kKHz, CL = 50pF, Overdrive = 5mV 
TTL Input 


Vou 


rae 
ARS 


< 
< 
ao 
ce 


3 
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VoL 
200 300 


375 


ph 
~! 
| al < 


CC 


Response Time High to Low 
Vic = OV, f = 10kKHz, C. = 50pF, Overdrive = 5mV 
TTL Input 


Note: 1. The specified offset voltage is the maximun value required to drive the output up to 4.5V or down to 0 3V. 
2. Maximum values including unavoidable inaccuracies of the industrial test. 
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TS3V3704 


3V MICROPOWER QUAD VOLTAGE COMPARATORS 


® DEDICATED TO 3.3V OR BATTERY SUPPLY 
(specified at 3V and 5V) 

# PUSH-PULL CMOS OUTPUT (NO EXTER- 
NAL PULL-UP RESISTOR REQUIRED) 

® EXTREMELY LOW SUPPLY CURRENT : 
7uA typ / comparator 

a WIDE SINGLE SUPPLY RANGE 

2.7V to 16V 

EXTREMELY LOW INPUT CURRENTS : 

1pA TYP 

INPUT COMMON-MODE VOLTAGE RANGE 

INCLUDES GND 

FAST RESPONSE TIME : 2us typ for 

5mV overdrive 

PIN-TO-PIN AND FUNCTIONALLY 

COMPATIBLE WITH BIPOLAR LM339 


DESCRIPTION 


The TS3V3704 is a micropower quad CMOS volt- 
age comparator with extremely low consumption 
of 7A typ / comparator (20 times less than bipolar 
LM339). The push-pull CMOS output stage allows 
power and space saving by eliminating the external 
pull-up resistor required by usual open-collector 
output comparators. 


Thus response times remain similar to the LM339. 
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D 
SO14 
(Plastic Micropackage) 


N 
DIP14 
(Plastic Package) 


ORDER CODES 


Temperature 
Part Number Range ny | ple 
TS3V3704I -40°C, +125°C | e | © |g 


PIN CONNECTIONS (top view) 


Output 2 Output 3 


Output 1 Output 4 


+ 


Voc Veco” 


Inverting Input 1 Non-inverting Input 4 


Non-inverting Input 1 Inverting Input 4 


Inverting Input 2 


Non-inverting Input 3 


Non-inverting Input 2 Inverting Input 3 
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SCHEMATIC DIAGRAM (for 1/4 TS3V3704) 


| | Output 


3704-02 EPS 


MAXIMUM RATINGS 


Parameter 
Supply Voltage - (note 1) 
Differential ow mo (note 2) 
vi input votage -(noies) dt 
Sena EEN 


Operating Free-Air Temperature Range 
TS3V3704l -40 to +125 


Storage Temperature Range -65 to +150 Bae 


Notes: 1. All voltage values, except differential voltage, are with respect to network ground terminal. 
2. Differential voltages are the non-inverting input terminal with respect to the inverting input terminal. 
ri The magnitude of the input and the output voltages must never exceed the magnitude of the positive supply voltage. 
. Short circuit from outputs to Vcc* can cause excessive heating and eventual destruction. 
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OPERATING CONDITIONS 


Symbol| ~~~ rameter —SSSSCSC*dCSC*C*~*~‘CadU!SSSS«d;'SC 
Supply Voltage 2./ to 16 
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Common Mode Input Voltage Range 0 to Voc* -1.5 
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ELECTRICAL CHARACTERISTICS 
Vcc’ =3V, Vcc =O0V, Tamb = 25°C (unless otherwise specified) 


Synba ae $f 
mp may: Lpreeee (note 1) 
Vic = 
Tmin 2 ee S Tmax. 
nett see eons (note 2) 
Vic = 1 
Tmin é Tomb & < Tmax. 
ae ee eae (note 2) 
Vic = 
Tin . Tenn & < Tmax. 
Vicm ee aca ne Common Mode Voltage Range 0 to Vcc*-1.2 
ee aca ne < Tamb S Tmax. 0 to Voc" “1.5 
CMR onnen mode Rejection Ratio 
Vic = = Vicm min- 
eee ed ee ee Ratio 
Vec™ = eee ed 


welt Level ar Voltage 
Vid = 1V, lon =-4mA 
Tmin S Tamb S Tmax. 
oo Level ee al 
Via=-1V, lo.=-4mA 400 
Tmn S Tamb S < Tmax. 450 
loc Supply Current (each comparator) A 
No load - Outputs low 7 20 
Tmin S Tamb S Tmax. 25 
tPLH Response Time Low to High Ls 
Vic = OV, f = 10kHz, C_ = 50pF, Overdrive = 5mV 1 
TTL Input 0.7 


Response Time High to Low 
Vic = OV, f = 10KHz, CL = 5OpF, Overdrive = 5mV 
TTL Input 


Note: 1. The specified offset voltage is the maximun value required to drive the output up to 4.5V or down to 0.3V. 
2. Maximum values including unavoidable inaccuracies of the industrial test. 
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ELECTRICAL CHARACTERISTICS 
Voc’ = 5V, Vcc’ = OV, Tamb = 25°C (unless otherwise specified) 


Symbol 
Vio Input Offset Voltage - (note 7) 
Vic = 2.5V 
Tmin S Tamb S Tmax. 
Input Offset Current - (note 2) 
Vic = 2.5 V 
Tmin S Tamb S Tmax. 


« 
g 
=) 
=) 
ne) 
> 


Input Bias Current - (note 2) 
Vic = 2.5 V 
Tmin S Tamb S Tmax: 
Vicm Input Common Mode Voltage Range 0 to Vcc*-1.2 V 
Tmin < Tamb < Tmax: 0 to Vec* -| 5 
CMR Common-mode Rejection Ratio 
Vic = Viem min- 
SVR Supply Voltage Rejection Ratio 
Vcc’ = +5V to +10V 
VoH 
OL 


High Level! Output Voltage V 
Via = 1V, lon --4mA ; 4.7 
Tmin S Tamb S Tmax. : 
V Low Level Output Voltage 
Via = -1V, lo.=4mA 
Tmin S Tamb S Tmax. 
loc Supply Current (per comparator) 
No load - Outputs low 
Tmin S Tamb S Tmax. 
tPLH Response Time Low to High 
Vic = OV, f = 10KHz, C. = 50pF, Overdrive = 5mV 
TTL Input 


tPHL Response Time High to Low 
Vic = OV, f = 10KHz, C, = 50pF, Overdrive = 5mV 
TTL Input 


Note: 1. The specified offset voltage is the maximun value required to drive the output up to 4.5V or down to 0 3V. 
2. Maximum values including unavoidable inaccuracies of the industrial test. 
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Type 


GS1T70-D540 


FEATURES 


= Wide operating line termination voltage 

=» Peak input overvoltage withstand: 1kV for 
1.2/50us 

= Peak overvoltage withstand on Output 2 (40V): 
250V for 10/700us 

= Positive or negative input voltage polarity 

# Input and output filtering 

= Short-circuit protection on both outputs 

= Input power during shortcircuit within specifica- 
tion 

= Minimum current drain during stand-by condition: 
10uA for Vi<18V 

= Input-output isolation voltage: 2000Vrms for 60 
seconds 

B® Output -output2 isolation voltage: 2000Vrms for 
60 seconds 

Mechanical dimensions (L x W x H): 50.8 mm x 
50.8 mm x 18 mm (2" x 2" x 0.71") 


DESCRIPTION 


The GS1T70-D540 converter has been designed 
for the “U” interface of an ISDN-NTBA (Network 
Termination Basic Access) system with either 4B3T 
or 2B1Q standard trasmission. 


It meets the requirements of the following specifi- 
cations: 


EN 60950 
CCITT 1.430 

CCITT G.960 
CCITT G.961 
ETS 300 002 
ETS 300 012 


ETS 300 047 (ISDN BASIC ACCESS, Safety and 
Protection) 

Two isolated outputs, 5V/90mA and 40V/10.5mA 
are supplied. The converter offers short-circuit pro- 
tection (short-circuit on 40V output doesn't affect 
5V output and the input power never exceeds the 
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ISDN DC-DC CONVERTER 


limit of the specification), input either voltage polar- 
ity, 80% minimum efficiency at maximum load, input 
and output filtering to meet very stringent noise 
requirements. 


The input and the output 2 (40V) stages are pro- 
tected against differential overvoltage up to 1kV 
(1.2/50us) and 250V (10/700us) respectively. 


When the input voltage is below 18V, the converter 
offers a very high input impedance and a maximum 
quiescent current of 10uA. 


These features allow the converter to operate di- 
rectly connected to the telephone line without any 
external components. 


In addition, the wide operating input voltage range 
allows it to operate within the whole range of LT 
(Line Termination) battery voltage and its relevant 
line resistance. 


2000VRMs isolation voltage for 60 second is pro- 
vided between input to outputs and between output 
1 and output 2. 
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GS1T70-D540 


ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 


Std. Conditions: 


Line Termination voltage: 47 to 71V Line Resistance (Rs): 10to 560Q 
87 to 99V 550 to 1400 2 


vie | Input Voltage Std. Conditions 


Vipk Input Transient t = 1.2/50us (pulse) 
Overvoltage 
Vist Start Up Input See fig. 2 44 
Voltage 


| Vot | Output Voltage 1 Std. Conditions pape 
ae Output Voltage 2 Std. Conditions 34 | 40 


Vor1 vanes Ripple Std. Conditions — 
Vor2 ees pple Std. Conditions mVpp 
Input Noise ei Std. Conditions mVpp 
BW =0 to 20MHz 
Output Current 1 Std. Conditions 
lo2 = 0 to 10.5 mA Voi = 5V 
lo1| Output Current 1 Std. Conditions 110 130 mA 
Limit Initiation Vol = 4.75 to 5.25V 
Output Current 2 Std. Conditions 10.5 mA 
lo1 = 2 to 90 mA Vo2 = 40V 
losc2 | Output 2 Short Std. Conditions iets, 
Circuit Current Output Shorted (Indefinite time) 
Isolation Voltage Input to Output 1 VRMS 
(pulse) Input to Output 2 
Output 1 to Output 2 
Operating Ambient 
Temperature Range 
Tstg Storage 
Temperature Range 


OUTPUT POWER CHARACTERISTICS 


LT (Line Termination Voltage) = 47V to 71V LT (Line Termination Voltage) = 87V to 99V 
Rs (Line Resistance) = 10 to 560 2 Rs (Line Resistance) = 550 to 1400 Q 


NT Status 


[aso | paaed [500 
[250 | natvated Emergonoy | 330 
eof esses | as 
[= = [8 


NT Status 


| 450 | Activated | 920 
| 950 | Activated Emergency | 330 _| 
| 90 25 


Deactivated 


| 180 Deactivated Emergency | 2B Deactivated Emergency 


Activated with 40 V 330 Short Activated with 40V 
Short circuit Circuit Short circuit 
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Short 
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GS1T70/D540 


CONNECTION DIAGRAM AND MECHANICAL DATA 
Figure 1. 


50.8 (2.00) 


| seach 0.6 (0.02) | 


or 


18.0 
(0.71) 


Say 


| 
5.2 (0.205) 


Package V. Dimensions in mm (inches). 


PIN DESCRIPTION 


Description 


a ae Input (either polarity). 


[4 [Retin torssVOupt——OSCSCS~C~“~*S*~“*~S*S*~“~*S*~S~“~S~S~S~S 
[6 RewntorsaovOupst 
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GS1T70-D540 


VOLTAGE SUPPLY OPERATING AREA The start-up voltage is 44V maximum. When the 


Figure 2 shows the Voltage Supply Operating area input voltage is below 18V the maximum quiescent 
during a switching OFF-ON sequence. current is lower than 10pA. 


Figure 2. 


amen =6§lnput voltage 


VW 
YY Voltage supply operating area 


lin < 10NA 


t> 0.1 a eel a le 
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GS1T70-D540F 


ISDN DC-DC CONVERTER (FRENCH VERSION) 


| we | ow | ve | ob 


FEATURES 


= Wide operating line termination battery voltage 

= Peak input overvoltage withstand: 1kV for 
1.2/50us 

= Peak overvoltage withstand on Output 2 (40V): 
250V for 10/700us 

# Positive or negative input voltage polarity 

= Input and output filtering 

a Short-circuit protection on both outputs 

= Input power during shoritcircuit within specifica- 
tion 

= Minimum current drain during stand-by condition: 
10uA for Vi<18V 

= Undervoltage lock out at10V ” 

= |nput-output isolation voltage: 10 kV pulse 1,2/50 
useconds 

= Output1-outpui2 isolation voltage: 2000VrRms for 
60 seconds 

= Mechanical dimensions (L x W x H): 56 mm x 56 
mm x 18 mm (2.2" x 2.2" x 0.71") 


DESCRIPTION 


The GS1T70-D540F converter has been designed 
for the “U” interface of an ISDN-NTBA (Network 
Termination Basic Access) system with either 4B3T 
or 2B1Q standard trasmission. 


It meets the requirements of the following specifi- 
cations: 


EN 60950 
CCITT 1.430 
CCITT G.960 
CCITT G.961 
ETS 300 002 
ETS 300 012 


ETS 300 047 (ISDN BASIC ACCESS, Safety and 
Protection) 

Two isolated outputs, 5V/90mA and 40V/10.5mA 
are supplied. The converter offers short-circuit pro- 
tection (short-circuit on 40V output doesn’t affect 
5V output and the input power never exceeds the 
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limit of the specification), input either voltage polar- 
ity, 80% minimum efficiency at maximum load, input 
and output filtering to meet very stringent noise 
requirements. 


The input and the output 2 (40V) stages are pro- 
tected against differential overvoltage up to 1kV 
(1.2/50us) and 250V (10/700us) respectively. 


When the input voltage is below 18V, the converter 
offers a very high input impedance and a maximum 
quiescent current of 101A. 


These features allow the converter to operate di- 
rectly connected to the telephone line without any 
external components. 


In addition, the wide operating input voltage range 
allows it to operate within the whole range of LT 
(Line Termination) battery voltage and its relevant 
line resistance. 


2000Vrms isolation voltage for 60 second is pro- 
vided between input to outputs and between output 
1 and output 2. 
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GS1T70-D540F 


ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 


Std. Conditions: 
Line Termination voltage: 90 to 110V Line Resistance (Rs): 50 to 1400 Q 


105 to 115V 500 to 1900 2 
Parameter 
Input Voltage 


Vipk Input Transient t = 1.2/250us (pulse) 
Overvoltage 

Vist Start Up Input See fig. 2 
Voltage 

Viuv Input Undervoltage 
Lockout 


I 
Vol Output Voltage 1 
Output Voltage 2 Std. Conditions 
Std. Conditions 


Vor Output Ripple 
Voltage 1 BW =0 to 20MHz 


Test Conditions 


Std. Conditions 


Vor2 Output Ripple Std. Conditions 
Voltage 2 BW = 0 to 20MHz 
Std. Conditions 


eN Input Noise Voltage 
BW = 0 to 20MHz 


lot Output Current 1 Std. Conditions 
lo2 =0to 10.5 mA Voi = 5V 
9) 


Std. Conditions | 4.75 | 


lot! Output Current 1 Std. Conditions 110 130 mA 
Limit Initiation Vol = 4.75 to 5.25V 
lo2 Output Current 2 Std. Conditions 
loi = 2 to 90 mA Vo2 = 40V 


losc2 | Output 2 Short Std. Conditions 
Circuit Current 


a 
E 
> 


Output Shorted (Indefinite time) 
Vis __ | Isolation Voltage Input to Output 1 t = 1.2/50 ps 10000 VRMS 
(pulse) Input to Output 2 t = 1.2/50 us 10000 
Output 1 to Output2t=1.2/50 us} 4000 
Top Operating Ambient 
Temperature Range 
Tstg Storage 
Temperature Range 


OUTPUT POWER CHARACTERISTICS 


+ 
“NJ 
oi 
fe) 
© 


LT (Line Termination Voltage) = 90V to 110V LT (Line Termination Voltage) = 105V to 115V 
Rs (Line Resistance) = 50 to 1400 Q Rs (Line Resistance) = 500 to 1900 Q 


if 
nN 
co) 


NT Status NT Status 


Activated Activated 


1150 Activated Emergency 420 1150 Activated Emergency 420 
200 


200 | Deactivated | 110 | 0 | 200 | Deactivated 10 | 0 | 
270 | Deactivated Emergency] 110 Deactivated Emergency 110 | 60 | 


to | 60 
Activated with 40 V Short Activated with 40V Short 


Short circuit Short circuit 
“a Oe SGS-THOMSON 
IF NCROELECTROMCS 
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GS1T70-D540F 


CONNECTION DIAGRAM AND MECHANICAL DATA 
Figure 1. 


| 
if 


| 
Bottom View 
| 


5.2 (0.205) 


Package V. Dimensions in mm (inches). 


PIN DESCRIPTION 


Description 


Pin 


[6 | RewntoraovOunt SS OSCSC~C“SC“~S~“~S*~*~*~S 
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GS1T70-D540F 


VOLTAGE SUPPLY OPERATING AREA 


Figure 2 shows the Voltage Supply Operating area 
during the switch ON-OFF and OFF-ON sequence. 


- Switch ON-OFF sequence: 


For an Input Voltage Vi > 25V, the circuit operates 
correctly, because it lies in the Voltage Supply 
Operating Area. 

The converter goes in High Input Impedance mode 
(Iq < 10nA) when the Vij is lower than 10V. If Vi 
remains between 0 -10V range for almost for almost 
100 ms, the converter is in OFF condition. 


Figure 2. 


Voltage 
Supply 
Operating 
Area 


t>100mS 


- Switch OFF-ON sequence: 


The quiescent current Iq remains below 10pA if Vi 
is lower than 18V. 

The start-up voltage is between 34 to 44V. After 1 
ms in this condition, the converter is in Voltage 
Supply Operating Area (Vin = 25 to 115V). 


Voltage Supply 


Operating Area 
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2W DUAL OUTPUT DC-DC CONVERTER 


te | ow | wm | ob | 
GS2T48-D12 38 to 60 V +100mA 


DESCRIPTION 


The GS2T48-D12 is a 2.4W DC-DC converter de- : 
signed to provide an isolated +12V/100mA and 
-12V/100mA power source. 


The module operates from wide input range (38 to 
60V) and offers low reflected input current and 
continuous short-circuit protection. 


ELECTRICAL CHARACTERISTICS (Tamb= 25° C unless otherwise specified) 
Vi Input Voltage Vo1=4+12V -  1o1=0to100mMA - 38 48 V 
Vo2 =—-12V lo2 =O to—100mA 
lir Input Reflected Vi = 38 to 60V 3 5 mApp 
Current Full Load 
Voi Output Voltage 1 Vi = 38 to 60V 11.2 12.0 12.8 V 
lo1 = 0 to 100mA lo2 = 0 to—100mA 
Vo2 Output Voltage 2 Vi = 38 to 60V - 11.2 | —12.0 | -—12.8 V 
lo2=Oto—100mMA_  lo1 = 0 to 100mA 
Vor1 Output Ripple Vi = 38 to 60 lo1 = 100mA 30 50 {mVRMSs 
Voltage 1 
Vor2 | Output Ripple Vi=38to60 © Io2=-—100mA 30 50 jmVRMS 
Voltage 2 


[Vig [solatonvotage | SSCS~s |S 
[te | Switching Frequency [Wisaev Ss | to |S |e 
= 


Operating Ambient +70 
Temperature Range 
Tstg Storage Temperature +85 °C 
Range 
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GS2T48-D12 


CONNECTION DIAGRAM AND MECHANICAL DATA 


>3.5 (0.14) 


10.16 (0.4) 


10.16 (0.4) 


5.08 (0.2) 40.64 (1.60) 5.08 (0.2) 


je Wig 50.8 (2.00) 19 (0.75) 
2= Vin - 

3 = Vout - 

4 = Out Common Ground 

5 = Vout + 


Package E. Dimensions in mm (inches) 
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4 W DC-DC CONVERTER 


| we | ow | ve | 
GS4748-5 38 to 60 V 800 mA 


DESCRIPTION 


The GS4T48-5 is a4W DC-DC converter designed 
to provide a 5V/800mA isolated power source. 


The module features a wide input voltage range (38 
to 60V), low reflected input current and continuous 
short-circuit protection. It is certified by UL, CSA 
(level 3) and TUV as having SELV output when 
provided with a SELV input. 


ELECTRICAL CHARACTERISTICS (Tamb.= 25° C unless otherwise specified) 


symoot| —__Poamstr | ___—_TestGondions =| in| yp [ wax | Ua 
Pov | Input Voltage Vo = 5V lo = 50 to 800mA | 3a | 43 | 6o | v | 
he eb = Input Current Vi = 38 to |Vi=38t060V lo=800MA si lo = 800mA |Vi=38to60V lo=s00mA =| | sf 140. | ma | 


lir Input Reflected Vi = 48V Vo =5V lo = 800mMA 20 30 | mApp 
Current ; 


Vor Output Ripple Voltage Vi = 48V lo = 800mMA 30 50 | mVpp 
BW = 5Hz to 20MHz 


losc rhe Short-circuit Vi = 48V 
Current 
[Vis | olan Vota RRSSRaee 7 aalae 


—_ ee Frequency Vi = 38 to 60V lo = 50 to 800mMA 2 ee 


Operating Ambient Still Air - 
Temperature Range 
Operating Ambient Forced ventilation, air speed = 100 LFM +65 °C 
Temperature Range 

Tstg Storage Temperature -— 40 +85 °C 
Range 
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CONNECTION DIAGRAM AND MECHANICAL DATA 


0.4 (0.016) 


5.08 (0.20) 


o—_h 


—<@9--"o> > 


NO 


| 
| 
t 
| 
| 
| 


Bottom View 


--+-- 


@ 1 (0.04) 


>»5 (0.20) 


Package C. Dimensions in mm (inches) 


SAFETY APPROVALS 


The converter is agency certified to the following 
safety requirements: 


ee a 
CSA-STD-C22.2 No. 234 LR 99794-3 


EN 60950 
DIN VDE 0805 R 9172410 


® ULis a registered trademark of UNDERWRITERS LABORATORIES inc. 
® CSA is a registered trademark of CANADIAN STANDARDS ASSOCIATION. 
® TUV is a registered trademark of TUV Rheinland. 
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ky7z 36S, THOMSON GS5T48-5 


5 W DC-DC CONVERTER 


| we | 
GS5T48-5 40 to 60 V 


DESCRIPTION 


The GS5T48-5 is a 5W DC-DC converter designed 
to provide a 5V/1Aisolated power source in a metal 
package. 


The module features a wide input voltage range (40 
to 60V), low reflected input current and continuous 
short-circuit protection. 


ELECTRICAL CHARACTERISTICS (Tamb.= 25° C unless otherwise specified) 


Za Input Voltage Vo = 5V lo = 50 to 1000mA | 40 | 48 | 6o | v 
Lode Input Current Vi = 40 to 60V lo = 1000mA Pf ft | ma 


lir Input Reflected Vi = 48V Vo = 5V lo= 1000mA 10 15 | mApp 
Current 


[Ve [oupuvetage | Viesoweav to=sovwtoo0ma | aes [soo | are| Vv 


Vor Output Ripple Voltage Vi = 48V lo = 1000mA 20 35 | mVpp 
BW = 5Hz to 20MHz 


urren 
Cr oe Co 


Top | Operating Case — 25 +85 | °C 
Temperature Range 

Tstg Storage Temperature — 40 +105 | °C 
Range 
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CONNECTION DIAGRAM AND MECHANICAL DATA 


50.8 (2.0) 
| 


Bottom View 


5.08 (0.2) 


10.16 
(0.40) 


@1 (0.04) 


20.32 


Package G. Dimensions in mm (inches) 
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14.7 
(0.58) 


—— 


| 
« 5 (0.2) 


oGS-THOMSON 
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i 


» W DC-DC CONVERTER 


a le Tet 
GS5T48-12 38 to 60 V 420 mA 
: 


DESCRIPTION 


The GS5T48-12 is a 5W DC-DC converter de- 
signed to provide a 12V/420mA isolated power 
source. 


The module features a wide input voltage range (38 
to 60V), low reflected input current and continuous 
short-circuit protection. It is certified by UL, CSA 
(level 3) and TUV as having SELV output when 
provided with a SELV input. 


ELECTRICAL CHARACTERISTICS (Tamb.= 25° C unless otherwise specified) 


vi __| input Vottage Vo =12V io=50t0420ma_—*| aa | 4a | oo | Vv 
tie Input Current Vi = 38 to 60V lo = 420mA pf | 500 | ma 


lir Input Reflected Vi = 48V Vo=12V lo = 420mA 25 mApp 
Current 


| 


BW = 5Hz to 20MHz 


losc ee Short-circuit Vj = 48V 1.8 
Current 


[eee pe | 
eer Sr 


Operating Ambient Still air +60 
Temperature Range 
Operating Ambient Forced ventilation, air speed = 100 LFM +70 
Temperature Range 

Tstg | Storage Temperature — 40 +85 
Range 
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GS5T48-12 


CONNECTION DIAGRAM AND MECHANICAL DATA 


33.0 (1.30 
( 0.4 (0.016) | 


‘ 


| e 
Bottom View 5 
@ 1 (0.04) 


16.5 
(0.65) 


| ee ee 


| 
>5 (0.20) 


Package C. Dimensions in mm (inches) 


SAFETY APPROVALS 
The converter is agency certified to the following safety requirements: 


a 
CSA-STD-C22.2 No. 234 LR 99794-3 


EN 60950 
TUV DIN VDE 0805 R 9172410 


® UL is a registered trademark of UNDERWRITERS LABORATORIES inc. 
® CSAis a registered trademark of CANADIAN STANDARDS ASSOCIATION. 
® TUV is a registered trademark of TUV Rheinland. 
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Si 


5 W DC-DC CONVERTER 


GS5T48-15 38 to 60 V 15V 330 mA 


DESCRIPTION 


The GS5T48-15 is a 5W DC-DC converter de- 
signed to provide a 15V/330mA isolated power 
source. 


The module features a wide input voltage range (38 
to 60V), low reflected input current and continuous 
short-circuit protection. It is certified by UL, CSA 
(level 3) and TUV as having SELV output when 
provided with a SELV input. 


ELECTRICAL CHARACTERISTICS (Tamb.= 25° C unless otherwise specified) 


| ov | Input Voltage Vo = 15V lo = 50 to 330mA | 38 | 48 | 6 | v | 
= Input Current Vi = 38 to 60V lo = 330mMA | | 500 | ma | 


Input Reflected Vi = 48V Vo = 15V lo = 330mA 40 | mApp 
Current 


Vi 
lir 
Output Voltage Vi=38to60V Io = 50 to. 330mA 
Vor 


: BW = 5Hz to 20MHz 

Vj = 38 to GOV lo = 330mA 

Vi = 48V lo = 50 to 330mA 
| lo | Output Current =| Vi= 38 to60V Vo = 15V 


Output Short-circuit Vi = 48V 

Current 
TVs [Isoatonvotage dP 
is [Suicting Fequnay | VinS8i060V p= S010 0m 


Vis 
fs 

Top Operating Ambient Still air 
Temperature Range 

Top Operating Ambient Forced ventilation, air speed = 100 LFM 
Temperature Range ; 

Tstg | Storage Temperature 
Range 
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CONNECTION DIAGRAM AND MECHANICAL DATA 


33.0 (1.30 
aa 0.4 (0.016) 


© 1 (0.04) 


16.5 
(0.65) 


1 
a Ee 


>5 (0.20) 


Package C. Dimensions in mm (inches) 


SAFETY APPROVALS 
The converter is agency certified to the following safety requirements: 


a 
aaa CSA-STD-C22.2 No 294 [Rp 90704-8 


EN 60950 
DIN VDE 0805 R 9172410 


® ULis a registered trademark of UNDERWRITERS LABORATORIES inc. 
® CSA is a registered trademark of CANADIAN STANDARDS ASSOCIATION. 
® TUV is a registered trademark of TUV Rheinland. 
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Ay BNCROGL SCIONS GS15T48-5 - 


15W DC-DC CONVERTER 


| tre | wi | vw | w | 
GS15T48-5 40 to 60 V 


DESCRIPTION 


The GS15T48-5 is a 15W DC-DC converter de- 
signed to provide a 5V/3A isolated output from a 
48V input in a metal package. 


High frequency forward switching configuration en- 
sures high efficiency (80% typ.); input filter mini- 
mizes reflected input current and continuous 
short-circuit protection is provided. 


The integral heatsink allows a large power handling 
Capability and it features also an effective shielding 
to minimize EMI. 


ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 


Pa fists ———fieeat eve Pe a te | 


Input Reflected Vi = 48V Vo=5V lo=3A = 
Current 

Input Quiescent Vi = 48V Vo=5V Io=0A 

= eo 


Seige OR oe 
"Bier [upe Resets ——~[vieaowev wean 
aoe eS a es 
[to [Ouputcuret | vi=aoweov | || 8 


Pe fees Peer 
Current 

| Vis__| Isolation Voltage 

eMC ea AE Se 
Vi=48V___lo=3A | | sf | % 


Rthc | Thermal Resistance Tamb = 25°C Vi=48V Io =3A °C/W 
Case to Ambient 
Tomax | Maximum Case +85 °C 
Temperature 
a a a ce 
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CONNECTION DIAGRAM AND MECHANICAL DATA 


(2.0) 


' -70.63 (0.025) 


14.7 
(0.58) 


« 5 (0.2) 


Package G. Dimensions in mm (inches) 


PIN DESCRIPTION 


Pin | Function [0 eseription 


- Output Negative isolated output voltage 
+ Output - Positive isolated output voltage 


2/2 
————_————— kyr SS nas 
746 


(77 SGS-THOMSON 
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24 W DC-DC CONVERTER 


[we [on 
GS24T48- 12 36 to 72 V 


DESCRIPTION 
The GS24T48-12 is a 24W DC-DC converter de- 
signed to provide a 12V/2A isolated power source. 


The module features a wide input voltage range (36 
to 72V), low reflected input currend and short-circuit 
protection. 


ELECTRICAL CHARACTERISTICS (Tamb= e 25° C unless otherwise specified) 


et ond [aio [we [ mex [ ow 
Vos [ae | | v_ 
Ti [input curent [ose [oso | A 


Input Reflected 120 | mApp 
Current 


Vina VorteV pata | id we | me | 


lise Input Shortcircuit Vi = 48V Vo=0V 100 | 150 | mA 
Current 


Output Voltage Vi=36t072V lo=O0.1to2A pel ee tas 
Output Ripple Voltage Vi = 48V Vo = 12V lo=2A 


Output Noise Voltage = 48V Vo=12V 


we 2A ie 

| lo | Output Current eee ce ae ee 
lose Output Short-circuit = 48V 1.0 1.5 A 

a ee NA 

[Vis _[tsolaionVotage | SSSSCS~S~s S| S«dT = 

Vi=361072V _lo=0.1 to2A fewest em fete te 


Test Conditions 
Vo = 12V lo =0.1 to 2A 
Vi=48V  Vo=12V lo =2A_ 
Viz48V  Vo=12V Io =2A 


mVpp 


500 | mVpp 


Tstg Storage Temperature —20 +105 | °C 
Range 
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GS24T48-12 


CONNECTION DIAGRAM AND MECHANICAL DATA 


TWO HOLES 41 (1.614) 12.5 (0.492) 


a 


2.5( 0.1) 40.64 (1.60) 0.5 (0.02) 12 (0.472) 


— 


= -Vin 50.8 (2.00) 
2= +Vin 

3= +Vout 
4= -Vout 


BOTTOM VIEW 


Package W. Dimensions in mm. (inches) 
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GS25/30T48 Family 


25/30 W DC-DC CONVERTER FAMILY 


ae [ « [« [se 


FEATURES 


‘a MTBF in excess of 1M hours at +45°C ambient 
temperature 

= Wide input voltage range (36 to 72V) 

= No external component required 

= High efficiency (see data) 

a Non latching permanent short-circuit protection 

= Overvoltage protection 

=» Redundant operation 

=» Remote output voltage sense 

=» Remote INHIBIT/ENABLE 

= Soft-start 

= Minimized reflected input current 

= Reverse input polarity protection 

= Peak input overvoltage withstand 

= No derating over the temperature range 

= 500Vpc minimum isolation between input and 
output 

=» PCB or chassis mountable 


DESCRIPTION 


The GS25T48-5, GS30T48-12 and GS30T48-15 
are isolated DC-DC converters designed for gen- 
eral purpose application. 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature Range 


Top 


June 1994 


a ee 
| Vipk | Input Transient Overvoltage(t<isec) | | 


Operating Temperature Range 


The output power is in the range of 25W to 30W. 
To ensure very long life, these converters do not 
use electrolytic aluminum capacitors or optoelec- 


tronic feedback systems. 


— 55 to +105 
— 25 to +71 
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GS25/30T48 FAMILY 


ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 


oo 


ae Input Voltage Ful PFullload 
My Input Current GS25T48-5 ull Load Renee (aig 7S 


fessorae1@ Futtoad |_| reo | 


GS30T48-15 Full Load pod end 
tin | Input Reflected Current Vi = 48V Full Load 


lisc Input Short-circuit Current GS25T48-5 
Vi = 48V 
GS30T48-12 820 
Vi = 48V 
ea a hl Ee 
Input Quiescent Current Viz - 4BV 
Converter OFF 


Venh High Enable Voltage Vi = 48V Full onde 1.8 
(open) 
ev me ae 


| tinh | Input inhibit Current Full Load 


=4 
Vo Output Voltage GS25T48-5 
Mig 48V Full Load 
poe 12 11.88 | 12.00 | 12.12 
Vi= Full Load 
GS30T48-15 14.85 | 15.00 | 15.15 
Vi = 48V Full Load 
Output Ripple and Vi = 48V 10 mV 
Noise Voltage Full Load i 
S5VoL_ | Line Regulation = 36 to 72V +0.001 % 
or Load 
“8V00 Load Regulation +0. of, 
oi vee to No Load 


Nise “Output Overvoltage GS25T48-5 Full Load 
V 


ale 
9 


Protection Vi = 48V 


GS30T48-12 Full Load 
Vi = 48V 


oust -15 Full Load 


Total remote sense compensation Vi = 36V 


Temperature Coefficient Vi = 48V Full Load 
Operating Temperature Range 
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GS25/30T48 FAMILY 


ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) (cont'd) 


GS25T48-5 
GS30T48-12 
Vi = 36 to 72V 
GS30T48-15 9 
Vi = 36 to 72V 
GS25T48-5 5.5 
Vi = 48V Overload 
GS30T48-12 2.75 
Vi = 48V Overload 
GS30T48-15 
Vi = 48V Overload 


— Soft-start Time Vi = 48V Full Load 


Transient Recovery Time 
i we Change dlo = 25% 


as tt 
a OO 


pt t80 ne 
7. _ | @S25748-5 81 ae 
Efficiency Vi = 48V Full Load Ln 2 
GS30T48-12 
Vi = 48V Full Load 
GS30T48-15 
Vi = 48V Full Load 


Rthe Thermal Resistance 
Case to Ambient 


Output Current Limit 
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GS$25/30T48 FAMILY 


CONNECTION DIAGRAM AND MECHANICAL DATA 


58.65 (2.30) 0.5 (0.02) 


Bottom view 
5.08 (0.2) 


7.62 (0.3) 


109.65 | 116 
(4.31) | (4.56) 


(0.7) (0.8) 


2.2 (0.08) 


2 


(0.22 min) 
65 (2.56) 


Package F. Dimensions in mm. (inches) 


PIN DESCRIPTION 


[em | runeton [Ct 
no Negative input voltage. 


em pasts input voltage. Unregulated input voltage (typically 48V) must be applied between 
ew |p 1-2. The input section of the DC-DC converter is protected against reverse polarity by 
a series diode. No external fuse is required. Input is filtered by a Pi network. 


Logically compatible with CMOS or open collector TTL. The converter is ON (Enable) 

ON/OFF when the voltage applied to this pin with reference to pin 1 is higher than 1.8V. The 
converter is OFF (Inhibit) for a control ne lower than 1.2V. When the pin is 
unconnected the converter is ON (Enable). 


a the remote load high side. To be connected to pin 6 when remote sense is not 
+ SENSE ised 
+ SENSE Senses the remote load return. To be connected to pin 7 when remote sense is not used. 
| 7 |-OUT Output voltage return. 
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kyz_ 3GS- THOMSON GS30T48-5 


30 W DC-DC CONVERTER 


| we | 


GS30T48-5 36 to 72 V 


DESCRIPTION 


The GS30T48-5 is a 30W DC-DC converter de- 
signed to provide a 5V/6A isolated power source. 


The module features a wide input voltage range (36 
to 72V), low reflected input current and short-circuit 
protection. 


ELECTRICAL CHARACTERISTICS (Tamb.= 25° C unless otherwise specified) 


Symbol | __Porameor | ___—_—TestGondtone =| in | Tp | Woe | Un 
| Vi__| Input Voltage Vo = 5V lo = 0.05 to 6A | 36 | 48 | 72 | v | 
1 Input Current Vi = 48V Vo =5V lo=6A | | ova | os2| A | 


Input Reflected Vj = 48V Vo = 5V lo=6A 250 ; 300 | mApp 
Current 


Viz36t072V__lo=6A P| 2 | to | mv | 
| to | Output Current = Current = 36 to 72V |Vi=36to72V.  Vo=5V0 = 5V Re 


Curren 
Ce 


ae Operating Case 485 
Temperature Range 

Tstg | Storage Temperature — 20 +105 | °C 
Range 
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GS30T48-5 


CONNECTION DIAGRAM AND MECHANICAL DATA 


TWO HOLES 41 (1.614) 12.5 (0.492) 
2 2.510 0.1) 40.64! (1.60) 


0.5 (0.02)! 12 (0.472) 


———p 


5.4 (0.213) 
50.8 (2.00) 
Ao anrout BOTTOM VIEW 
4= -Vout 


Package W. Dimensions in mm (inches) 
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{ SGS-THOMSON . 
JF, WilCROELECTROMICS | GS70/100T300 Family 


7OW/100W DC-DC CONVERTERS FAMILY 


Vi 


FEATURES 


= High input voltage range bus: 200 to 400Vdc 

= UL, TUV approved 

= High output power (up to 100W) 

# High efficiency (80% min. on GS100T300-5 mod- 
ule) 

a Output voltages range: 3.5-5.2-12-15-24 and 48V 

= Output voltage adjustable by external pin 

= Remote load voltage sense compensation DESCRIPTION 


ae slater Ge sshedcral The GS70/100T300 family includes 70/100W DC- 

: Un ss iiael ei ‘is econ DC converters used to generate isolated output 
NOE Olas erent voltages with an output current up to 20A from a 

a Minimal overshoot during load transients wide range input voltage (200 to 400Vdc) 

z eae input = dred hades voltage All the GS70/100T300 family modules require an 

= Internal input and output filtering external fuse (1 Amps.) on the input side. 


a Softstart 

a PCB or chassis mountable 

« Mechanical Dimensions 101,6 e 50,8 © 20 mm 
(4,00 © 2,00 e 0,79 inches) 
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GS$70/100T300 Family 


GS70T300-3.5 ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 


ee de 
: Vo=3.5V lo=0to20A 200 300 400 Vpc 


Inrush Charge Vi = 400V 40010° C 
lo = 20A 


Vo Output Voltage Vi = 200 to 400V 3.43 3.5 3.57 V 
lo=Oto 20A 
Output Voltage Range Vi = 200 to 400V 1.75 3.5 
lo = 0 to 20A (see fig. 2) 
Vorn | Output Ripple and Vj = 300V 
Noise Voltage lo =20A BW = 0 to 20Mhz 
Output Overvoltage Vi = 200 to 400V 
Limit Initiation lo=Oto 20A 
d5VoL_ | Line Regulation Vi = 200 to 400V 
lo =20A 
5Voo_ (| Load Regulation Vi = 300V 
lo =O to 20A 


3 
< 


Peak Load Transient Response Vi=300V dlo=10A 
Supply Voltage Rejection f = 100Hz 


Vo =3.3V 
| 3750 | 


Isolation Voltage Input to Output 


Vo 
Vol 
Total Remote Sense Compensation | Vj = 200 to 400V 
VR 


ne) —_—_— 


Input to Baseplate 


A 
o1 
oO 
oO 
| dle : 
. oO 
ro) 
ine) ND 
oO oO] ao 
= 
7) 


Output to Baseplate 


Switching Frequency Vi = 200 to 400V 
lo=Oto 20A 


Thermal Resistance Baseplate to Ambient 


Tcop | Operating Case 
Temperature Range 
Storage Temperature Range 
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GS70/100T300 Family 


GS100T300-5 ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 


= wee [ow [| 
(Gee 5V lo =0 to — Vpc 
Inrush Charge = 400V 40010° 
ie 20A 


fas 
eee Voltage = 200 to 400V 5.20 
as 0 to 20A 
Output Voltage Range = 200 to 400V 2.6 5.2 
ee 0 to 20A (see fig. 2) 
Vorn Output Ripple and = 300V mVpp 
Noise Voltage We =20A BW=Oto20Mhz 
Output Overvoltage = 200 to 400V 
Limit Initiation ae 0 to 20A 
SVoL_ | Line Regulation Sean to 400V TE 
5VO0_ =| - Load Regulation = 300V 
we 0 to 20A 


Total Remote Sense Compensation | Vj = 200 to 400V 
Peak Load Transient Response =300V Slo=1A 


—— ae a 

Das [ae [a 
Foupuwsscepae | so | | 

Prpwtiopesepite | ao | 


Switching Frequency = 200 to 400V 150 kHz 
ie 0 to 20A 


| Rth | Thermal Resistance Resistance | Thermal Resistance =| Baseplate to Ambient co 


a Operating Case 
3 Range 
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GS70/100T300 Family 


GS100T300-12 ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 


= wns [we | [ [ok 
ren Voltage Vo=12V Io =0t08.3A Vpc 
(Operating Conditions) 
Inrush Charge = 400V 40010° 
ne 8.3A 


| Pi | InputPower HInputPower =300V Io = OA(No Load) 2.5 ae 
Output Voltage = 200 to 400V _ 76 | 12.00 | 12.24 
ie 0 to 8.3A 
Output Voltage Range = 200 to 400V 
Me 0 to 8.3A (see fig. 2) 
Vorn Output Ripple and = 300V 100 120 mVpp 
Noise Voltage is 8.3A BW=0to 20Mhz 
Output Overvoltage = 200 to 400V 1.20Vo V 
Limit Initiation ee 0 to 8.3A 
S5VOL_ | Line Regulation = 200 to 400V +0.1 % 
Me 8.3A 
d5Vo0_ (| Load Regulation = 300V +0.1 % 
a 0 to 8.3A 


“= Total Remote Sense Compensation | Vi = 200 to 400V Pt flow fv 
Peak Load Transient Response Vi = 300V dlo = 4A Se 
ae Supply Voltage Rejection f = 100Hz 


eee ee —— ee ee 
a 
Froitiopasepae | aoa | | _ 
[oupuwaneenae | soo | | 


Switching Frequency = 200 to 400V 150 KHz 
a 0 to 8.3A 
= — Resistance |Thermal Resistance =| Baseplateto Ambient = to | Baseplateto Ambient =| Ps [on 


= Operating Case 
ae ee Range 
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GS70/100T300 Family 


GS100T300-15 ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 


= wenn [wm [oe [oe [| 
‘Input Voltage Vo=15V Io=0to6.6A 200 300 Voc 
(Operating Conditions) 
Inrush Charge = 400V 40e10° 
ie 6.6A 


| pi | inputPower = «| Vi = 300V__ lo = 0A (No Load) a 


Output Voltage = 200 to 400V 14.7 15.0 15.3 
es 0 to 6.6A 
Output Voltage Range = 200 to 400V 7.5 16.5 V 
oe 0 to 6.6A (see fig. 2) 
Vorn | Output Ripple and = 300V 110 150 mVpp 
Noise Voltage i 6.6A BW=0to 20Mhz 
Output Overvoltage = 200 to 400V 1.2eVo V 
Limit Initiation te 0 to 6.6A 
ae 6.6 
5Vo0_ | Load Regulation = 300V +0.1 % 
ine 0 to 6.6A 


| AVo | Total Remote Sense Compensation | Vj = 200 to 400V 
ss Peak Load Transient dna Vi=300V d!lo =3.3A _—r ers 


Pe eee eee 


recat an [ween a re a 
SS a ee sea 
[te [teed Tansint Seng Tine | Vieatov o=saa |__| mo || os 
[ton [Tunentine —~—~*dpWin00V we=een | | 6 | 0 | me 
Vis Isolation Voltage Inputto Output = ss] 50 || VRMS 
[npuioBasepaie ‘| aso] | 
omieemmse wo [[ 


Switching Frequency = 200 to 400V kHz 
a 0 to 6.6A 


| Rth | ThermalResistance =| Resistance |Thermal Resistance =| BaseplatetoAmbient =| to Ambient i ee ee eA EE 


a Operating Case 
aaa ie Range 
| Tstg_| Storage | Storage Temperature Range | Range | | too fee 
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GS70/100T300 Family 


GS100T300-24 ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified 


) 
= wacoaie [oe | | | 
Vi Input Voltage Vo=24V Io =0t0 4.2A 200 300 400 Voc 

(Operating Conditions) 


Inrush Charge Vi = 400V 40010° C 
lo = 4.2A 
V 


Output Voltage Vi = 200 to 400V 23.5 24.0 24.5 
lo=0 10 4.2A 
co Output Voltage Range Vi = 200 to 400V 0 
200 240 


12. 


es xo) 
TO 


lo = 0 to 4.2A (see fig. 2) 
Vorn Output Ripple and Vi = 300V 
Noise Voltage lo=4.2A BW=0to 20Mhz 
Output Overvoltage Vi = 200 to 400V 
Limit Initiation lo = 0 to 4.2A 
SVOL_ | Line Regulation Vi = 200 to 400V 
lo = 4.2A 


Vo 
Vo 
Vol 

5VoO0_ (| Load Regulation Vi = 300V 

lo = 0 to 4.2A 

Total Remote Sense Compensation | Vi = 200 to 400V 
Peak Load Transient Response Vi=300V dlo=2.1A 
Supply Voltage Rejection f = 100Hz 


Po emcee 
Vo = 24V 
er [Oversrenttintiaon | ieetoy 
Vis Isolation Voltage 3750 
th 


4.5 5.0 5.9 
3.8 4.5 
300 


= 


om) 
=z=in{to 
ip) 


Output to Baseplate 500 


Switching Frequency Vj = 200 to 400V 150 


lo=0to 4.2A 


Thermal Resistance Baseplate to Ambient 


Tcop | Operating Case 
Temperature Range 


x 
/E 
N 


©O 
ol 


ie} 
o 


NJ 
on 


~ 40 


+ 
~ 
ra) 
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GS70/100T300 Family 


GS100T300-48 ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 


| ——_swme [ums [om [oe [oe [om 
Input Voltage Vo=48V lo =0to2.1A 
(Operating Conditions) 
Inrush Charge = 400V 40e10° 
es 2.1A 


| Pi [inputPower FinputPower Vi=300V Io = OA(No Load) dale) 2.5 a 
Output Voltage = 200 to 400V 47.04 | 48.00 | 48.96 
ce 0to2.1A 
Output Voltage Range = 200 to 400V 4.0 2.8 
ee 0 to 2.1A (see fig. 2) 
Vorn Output Ripple and = 300V 400 500 mVpp 
Noise Voltage ite 2.1A BW=0to 20Mhz 
Output Overvoltage = 200 to 400V 1.20eVo 
Limit Initiation ae 0to2.1A 
d5VOL Line Regulation = 200 to 400V +0.1 
igz 2.1A 
SVooQ_ | Load Regulation = 300V +0.1 % 
ge 0to2.1A 


Total Remote Sense Compensation = 200 to 400V P| ff oe | ov 
Peak Load Transient Response Vi=300V dlo=1A 


Supply Voltage Rejection f = 100Hz aE 


Output Current gat to 400V 


[ities [wesw mea Ts 


Isolation Voltage 


Switching Frequency = 200 to 400V 
Pe 0to2.1A 


Tcop | Operating Case 
Temperature Range 


Vis 


-—| 
a 
oO 
=x 
= 
ay 
a8) 
@ 
”, 
n 
prs 
pe] 
|] 
Q 
oO 
Ww 
se) 
n 
i$) 
— 
ped) 
one 
© 
[mad 
co) 
> 
3 
o, 
@ 
=) 
- 
N 
on 
io) 
= 
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GS70/100T300 Family 


CONNECTION DIAGRAM AND MECHANICAL DATA 
Figure 1. 


> 5 (0.2) 
| 


20 (0.79) i i OS (3.20) 


101.6 (4.00) cae ae 
95.25 (3.75) 


90.17 (3.55) ______| . 
| 
| 5.08 (0.20) x 6 | 
lio, 


12.7 (0.50) 


PIN SD 
a 2. 2 (4x) 


Package R; dimensions in mm (inches) 


PIN DESCRIPTION 


pence The converter is ON (Enable) when the voltage applied to this pin with reference to pin 2 is 
ENABLE 


lower than 1.2V. The converter is OFF (Inhibit) for a control voltage in the range of 2.1 to 
5V. When the pin is unconnected the converter is OFF (Inhibit). 
Negative input voltage. 
3 Vj Positive input voltage. Unregulated input voltage in the range of 200 to 400Vdc must be 
+N) applied between pin 2-3. 


+Vo output voltage. 
+Vo output voltage return. 


n SENSE gs the remote load high side. To be connected to pins 4,5 when remote sense is not 
sie the remote load return. To be connected to pins 6,7 when remote sense is not 
- SENSE nee 
pop me 


Adjust output voltage pin. A voltage generator between the ADJ. pin and -SENSE pin sets 
the Vo. When unconnected Vo is at nominal value eee fig. 2). 
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GS70/100T300 Family 


ADJUSTMENT OF THE OUTPUT VOLTAGE Vge's Vo 
The output voltage can be fixed following the indi- ell Vnom 


cations given in fig. 2. The external reference volt- : 
age Vad can Ose calculated using the following The Vout and Vadj ranges are given in the following 
formula: table: 


Table 1: Output voltage generation with external voltage generator 


External Voltage 
Nominal Output Output Voltage 
Type Generator allowed 
aes ees eh Se Range (Vaqj) 


}GS70T300-35 3.5 | 1.75103.50 | .75 to 3.50 2.5 to 5.0 


Figure 2. Output voltage adjustment 


GS70/100T300-xx 
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GS70/100T300 Family 


Safety approvals 
The converter is agency certified to the following safety requirements. 


UL-STD-1950 E141284 
EN 60950 R 9371740.1 


® ULis a registered trademark of UNDERWRITERS LABORATORIES inc. 
® TUV is a registered trademark of TUV Rheinland. 
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SGS - THOMSON 
MICROELECTRONICS GS120/175T48 Family 


120W/175W DC-DC CONVERTERS FAMILY 


| we | wf me | 


FEATURES 


= UL, CSA, TUV approved 

= High output power (up to 175W) 

= High efficiency (82% typ. on GS175T48-5 mod- 
ule) 

= Parallel operation with equal current sharing 

= Synchronization pin 

=» Remote ON/OFF 

=» Remote load voltage sense compensation 

= Output short-circuit protection 

® Undervoltage lock-out 

# Minimal overshoot during load transients 

a Output overvoltage protection 

= 500Vpc input to output isolation voltage 

= Internal input and output filtering 

= Softstart 

=» PCB or chassis mountable 

= Optional additional finned heatsink 

Mechanical dimensions 125 e 66,5 e 19 (4,92 e 
2,62 e 0,75) 


OPTION 


June 1994 


Type aoke . 
Ordering Number Thermal Resistance Le WeH mm (inches) 
Additional finned heatsink 2 125 ¢ 66.5¢ 15 
HS01 (See fig. 7) 2.8°C/W ( 4.92 © 2.62 © 0.59) 


DESCRIPTION 


The G$120/175T48 family includes 120/175W DC- 
DC converters used to generate fixed isolated out- 
put voltages with an output current up to 35A from 
a wide range input voltage (38 to 60V). 

The suffix E Identifies the metric threading on the 
planar heatsink (see fig. 1). 


Dimensions 
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GS120/175T48 FAMILY 


GS120T48-3.3 ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 


sms] tome | encoons [tn |e [wo 
Input Voltage Vo=3.35V lo=0to35A 
(Operating Conditions) 
Viuv Input Undervoltage Lockout Vo = 3.35V 
= 0 to 35A 
Average Input Current = 0 to 60V 
bs 35A 


lipk Inrush Transient Peak Current = 60V 
ae 35A 
Reflected Input Current = 38 to 60V ae 
BW 5Hz to 2OMHz 
lo = 35A (See fig. 2) 


Enable Input Voltage Vi=38to60V lo=0to35A | o | | 


lien Enable Input Current Vi = 38 to 60V lo =O to 35A ae si 
an =0V 

Viinh | Inhibit Voltage = 38 to 60V Io =0 to 35A 8 18 V 
Mee open 


| Vo | Total Output Voltage Regulation Vi = 38 to 60V Io = Oto EA 


Vost Short-term Output Vj = 38 to 6E0V Io = 0 to 35A 3.30 3.35 3.40 V 
Voltage Regulation 
Total Static Tolerance Vi = 38 to 60V lo = 0 to 35A 
Vol Output Overvoltage Vi = 38 to 60V Io =0 to 35A 4 4.5 5.2 VDC 
Limit Initiation 
Output Ripple Voltage Vi = 88 to 60V lo = 85A [| 20 | 30 | mvpp | 
Output Noise Voltage Vi = 38 to 60V lo =35A | | 50 | 80 «| mVpp | 
V 


AVo__| Total Remote Sense Vi = 38 to 60V 
Compensation 
Peak Load Transient Response = 48V dlo = 5A 
Bee 0.1A/us 


oleae 3s ee Ge 
is [oer see eae 


losc Shortcircuit Output Current = 48V 
vo 0.2 to 0.5V 
Load Transient Settling Time = 48V dlo = 5A 
spe 0.1A/Us 
Turn-on Time Vi = 48V lo=35A 
Vien = from high to low 


Vi=0to60V Io=35A | 
Vien = low 
Wis [Isolation Votegs———SSCdSSSCSCSC~S~*C 
a a Te eRe RE wee 
Tn [etcincy ~~ n a oaV nwa | re | wy || 
A 


Tcop | Operating Case 
Temperature Range 


Cae ft he 
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GS$120/175T48 FAMILY 


GS175T48-5 ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 


cit]_—_—_reme | costs | [ [we [on 
Input Voltage Vo =5.075V Ilo =0to 35A 38 48 VDC 
(Operating Conditions) 
Viuv Input Undervoltage Lockout Vo = 5.075V 32 34 36 VDC 
lo=O0to 35A 


ek | Cee | Transient Peak Current is 60V 0.2 A2s 
lo = 35A 
ieee hcaicondencael Current = 38 to 60V 30 mApp 
BW 5Hz to 20MHz 
lo = 35A (See fig. 2) 


Enable Input Voltage — 38 to 60V Ip = 0 to 35A a a 


Enable Input Current = 38 ag 60V lo=0to 35A 
Ven 
Viinh Inhibit Voltage = 38 to60V Ion =O to 35A 
ene open 


Total Output Voltage Regulation Vi = 38 to GOV lo =O to 35A 5.075 


Vost Short-term Output Vi = 38 to GOV Io =O to 35A 5.002 | 5.075 | 5.148 V 
Voltage Regulation 


Total Static Tolerance Vi = 38 to GOV Ion =O to 385A 5.075 | 548 | Vv 


[w+ [aaa vsrererower fs fe [7 [oe 
Limit Initiation 

a ae ae a 
Be a SC BR 


d5Vo Peak Load Transient Response Vi = 48V dlo = 5A 
= 0.1A/us 


Ta [eet eee faa 


losc Shortcircuit Output Current = 48V 
vo 0.2 to 0.5V 
Load Transient Settling Time = 48V dlo=5A 250 Us 
se 0.1A/us 


Turn-on Time = 48V lo = 35A ms 
Wen from high to low 
=0 i 60V lo =35A 3 10 
es = low 


| Vis _|IsolationVotage =| OO | 

a ee ee 

[on |fficieney —SSS«*di Min Soto eoVig=asn—«|_at | ee | | % | 

[th | Thermal Resistance ——=—«i[GasetoAmbient || || som 

Bid ee 
Temperature Range 


[ase [ [vis [e 
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GS126/175T48 FAMILY 


GS175T48-12 ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 


Input Voltage Vo = 12V lo=Oto 15A 
(Operating Conditions) 
Viuv Input Undervoltage Lockout Vo = 12V 
lo=O0to 15A 


ak | een | Transient Peak Current Vi = 60V ae 
eee = 15A 


ad howe Input Current = 38 to 60V od aot 
BW 5Hz to 20MHz 
lo = 15A (See fig. 2) 


Enable Input Voltage ue 38 to GOV lo =0 to 15A = ae 


lien Enable Input Current = 38 ay 60V lo=O0to 15A 
ne = 

Viinh Inhibit Voltage Vj = 38 to 6(0V Ilo =0 to 15A 
Vien = open 


— Input Power Vi = 38 to 60V Io = 0A (No Load se 
Total Output Voltage Regulation | Vi = 38 to 60V lo =0 to 15A 4 | 120 | 6 |v 


ic Short-term Output Vi = 38 to 60V lo =0 to 15A 11.76 | 12.0 | 12.24 
Voltage Regulation 


= Total Static Tolerance Vi = 38 to GOV Io =0to 15A 11.64 12.36 <a 


Output Overvoltage Vi = 38 to 60V Io = 0 to 15A 13.2 15 
Limit Initiation 


Output Ripple Voltage Vi = 38 to 60V Io = 15A on 
Output Noise Voltage Vi = 38 to GOV lo =15A | | 60 | 120} mVpp | = 


Total Remote Sense Vi = 38 to 60V 

Compensation 

Peak Load Transient Response = 48V dlo = 3A 
spe 0.2A/us 


eae ee 
ss Snetom Optom [nay as a 


Load Transient Setting Time = 48V dlo = 3A 300 us 
ae 0.2A/us 
Turn-on Time = 48V lo=15A 5 ms 
Vien = from high to low 
Vi=Oto60V lo=15A 3 10 
Vien = low 


oi Thermal Resistance Case to Ambient 


Tcop | Operating Case -— 10 +85 °C 
Temperature Range 
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GS120/175T48 FAMILY 


GS175T48-15 ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 


Input Voltage Vo = 15V lo=0 to 12A 38 48 VDC 
— Conditions) 
Viuv Input Undewellage Lockout Vo=15 32 34 36 VDC 
lo= ODA 


= Inrush Transient Peak Current = 60V 0.2 A2s 
te = 12A 
Le Reflected Input Current Vi = 38 to GOV Io = 12A MRE 


[Vion | ErabisipulVtage _—_—~=«dvi=SbwaOvo-owwea | 0 | [va | v_ 


Enable Input Current = 38 A 60V lo=0to 12A -1 mA 
Ven = 
Viinh | Inhibit Voltage = 38 to GOV lo =O to 12A 18 V 
vote open 


Total Output Voltage Regulation | Vi=38to60V lo=0to12A | 14.25 15.75 


Vost | Short-term Output Vi = 38 to 60V lo=0to 12A 14.7 15.0 15.3 V 
Voltage Regulation 


Total Static Tolerance Vi = 38 to GOV Ib =0to 12A 14.55 15.45 = 


Output Overvoltage Vi =38 to 60V lo=O0to 12A 16.5 18 
a Initiation 
Vi 


| Vor | Output Ripple Voltage i= 38 to 60V lo=12A =e aes 
—_ Output Noise Voltage Vi = 38 to 6OV Ilo = 12A ae 


Total Remote Sense Vi = 38 to 60V 

Compensation 

Peak Load Transient Response = 48V dlo = 3A mVp 
spe 0.2A/1s 


| lol | Overcurrent Limit Initiation =| Limit Initiation Viz4BVv00—— Ce ee SS aS ee 


ss Shortcircuit LOvercurert Le rien | Current Vi = 
— ne . to 0.5V 
Load Transient Settling Time = 48V dlo = 3A 
ha 0.2A/s 


Turn-on Time = 48V lo=12A 5 ms 
ven = from high to low 
=Oto60V Io =12A 3 10 
—__ low 


[Vis [TsolatonVotase ee ee 

eM ee aN 

Pn |Eficiency —SSSC*d Mm BIO GOV lo=t2A—«| os | eB | | % | 

Rin | Thermal Resistance ——*(CasetoAmbient =|] sa |__| com 

| Toe |Srperbretens | 
Temperature Range 


ae ns 
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CONNECTION DIAGRAM AND MECHANICAL DATA 
Figure 1. 


| 
\|6 x 4-40 UNC | 
\6 x M3 (E version) | 
ni 


113.5 (4.47) 


HEATSINK’ SIDE VIEW 


55.63 (2.19) 55.63 (2.19) 


1.55 (0.062) 
| 
| 


a 
“T+ 4 (0.16) 
Mi a 


125 (4.925) 
Package T. Dimensions in mm (inches). 


PIN DESCRIPTION 


| Pin | Function Description 
Negative input voltage. 


Positive input voltage. Unregulated input voltage (typically 48V) must be applied between 
pin 1-2. 


The converter is ON (Enable) when the voltage applied to this pin with reference to pin 1 is 
3 ON/OFF lower than 1.2V (see Vien). The converter is OFF (Inhibit) for a control voltage in the range 
of 8 to 18V. When the pin is unconnected the converter is OFF (Inhibit). 


CASE 
| 5 SYNG Synchronization pin. See figures 3, 4, 5, 6. Open when not used. 
ES es | PARALLEL | Parallel output. See figures 3, 4, 5, 6. Open when not used. 


+ SENSE’ lr the remote load high side. To be connected to pin 11,12 when remote sense is not 


Senses the remote load return. To be connected to pin 9,10 when remote sense is not 
used. In parallel configuration, take care to connect all -S pins together (see figures 3,4,5,6). 


Fixed output voltage return. 
11,12 Fixed output voltage. 


6/10 
$+. 4yy SS 
770 


USER NOTES 
Reflected Input Current 


GS120/175T48 FAMILY 


The reflected input current measurement (lir; see Electrical Characteristics) is performed according to the 


test set-up of fig. 2. 


Figure 2. 


CURRENT 
PROBE 


Vie 38 to 6OV 


Softstart 


To avoid heavy inrush current the output voltage © 


rise time is 10ms maximum in any condition of load. 
Remote Sensing 
The remote voltage sense compensation range is 


for a total drop of 0.6V equally shared between the 
load connecting wires. 


It is a good practice to shield the sensing wires to 
avoid oscillations. 

See the connection diagram on figures 3, 4, 5, 6. 
Remote ON/OFF 

The module is controlled by the voltage applied 
between the ON/OFF pin and -IN pin. 


The converter is ON (Enable) when the voltage 
applied is lower than 1.2 V (see Vien on Electrical 
Characteristics). 


The converter is OFF (Inhibit) for a control voltage 
in the range of 8 to 18V (see Viinh). 


+ Vin 


GS120/175T48 | 


- Vin 


When the pin is unconnected the converter is OFF. 
Maximum sinking current is 1mA. 


Module Protection 


The module is protected against occasional and 
permanent shortcircuits of the output pins to 
ground, as well as against output current overload. 
It uses a Current limiting protection circuitry, avoid- 
ing latch-up problems with certain type of loads. 
Acrowbar output overvoltage protection is activated 
when the output voltage exceeds the specified 
values (see Electrical Characteristics). 

Parallel Operation 

To increase available output regulated power, the 
module features the parallel connection possibility 
with equal current sharing and maximum deviation 
of 10% (two modules in parallel). 


See the connection diagram on figures 3, 4, 5, 6. 
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Figure 3. 


NEARBY LOAD 


11,12 11,12 


PARALLEL [& 64 PARALLEL 


WITH SWITCHING FREQUENCY SYNCHRONIZATION 


Figure 5. 


REMOTE LOAD 


11,12 


PARALLEL 
SYNC 


WITH SWITCHING FREQUENCY SYNCHRONIZATION 


Finned heatsink option 


An additional finned heatsink is available (type or- 
dering number HS01) to allow the user to decrease 
the total thermal resistance of the module toa 


Figure 4. 


NEARBY LOAD 


11,12 11,12 


6 | PARALLEL 


PARALLEL [ 


9,10 


WITHOUT SWITCHING FREQUENCY SYNCHRONIZATION 


Figure 6. 


REMOTE LOAD 


11,12 11,12 


+ Out + Out 


PARALLEL PARALLEL 


WITHOUT SWITCHING FREQUENCY SYNCHRONIZATION 


typical value of 2.8 °C/W. The heatsink is suitable 
both for standard (4-40 UNC threading) and E 
version (M3 threading); screw length in the range 
of 6 to 8 mm (0.24 to 0.32"). See fig. 7. 
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Figure 7. - HS01 Heatsink. 


125 (4.925) 
( 


, 6 x 3.25 (0.128) 


55.83 (2.19) 55.83 (2.19) 


Dimensions in mm (inches). 


Thermal Characteristics 


Following figures show the behaviour at still air and (fig. 8) and with the additional finned HS0O1 heatsink 
forced ventilation operation of the GS175T48-5 (fig. 9) 
module (typical efficiency 82%) without 


Figure 8. - GS175T48-5 with stadard flat heatsink. 


Pout (W) at Eff.s 82% (GS175T48-5) 
0 (300 LFM 
165 400 LFM 


190 (500 LEM 


1385- 


120 00 LFM 
105 


| 
; SOR pan nee alia maa ea" 
25 30 35 40 45 50 55 60 65 70 75 80 85 
Tamb ( C) 


Vast NTs: oo oh 1 S, 


-5 0 5 10 15 20 


+ foe ane 
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Figure 9. - GS175T48-5 with additional HSO1 finned heatsink 


Pout (W) at Eff.= 82% (GS175T48-5) 
4  20aLFM" 400 LFM 


165 STILL AIR 


100 LF 3OONLFM 


a }—4—: 
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 
Tamb ( C) 


Safety approvals 
The converter is agency certified to the following safety requirements. 


UL-STD-1950 E141284 


CSA-STD-C22.2 No.234 
EN 60950 


® ULis a registered trademark of UNDERWRITERS LABORATORIES inc. 
® CSAs a registered trademark of CANADIAN STANDARDS ASSOCIATION. 
® TUV is a registered trademark of TUV Rheinland. 
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SA 


300W DC-DC CONVERTER 


GS300T48-5 38 to 60 V 5,075 V 


FEATURES 


= Very high output power (300W) 

® High efficiency (80% min.) 

= Parallel operation with current sharing 

® Synchronization pin 

=» Remote ON/OFF 

= Remote load voltage sense compensation 
= Output short-circuit protection 

= Output overvoltage protection 

= Thermal protection ' 

= Undervoltage lock-out 

= Minimal overshoot during load transients 
= 500 Vpc input to output isolation 

= Internal input and output filtering 

= Softstart 

= PCB or chassis mountable 


DESCRIPTION 


The GS300T48-5 is a 300W DC-DC converters 
used to generate a 5.075V isolated output with a 
current of 60A from a wide range input voltage (38 
to 60V). 


SELECTION GUIDE 


Output Output : : 
Type Input Dimensions 
Ordering Number Voltage (V) aan ete Le W eH mm (inches) 


38 to 60 5.075 co 


125 ¢ 66.5 e 20 
(4.92 © 2.62 e 0.79) 
The suffix E identifies the metric threading 
on the planar heatsink (see fig. 1). 


GS300T 48-5 
GS300T48-5E 
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ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 


Input Voltage Vo =5.075V Ilo =0to 30A 48 VDC 
(Operating Conditions) 


eat — wesw bo 


Average Input Current = 48V 7.8 
a 60A 
link | Inrush Transient Peak Current = 60V 0.3 A’s 
its 60A 
Reflected Input Current = 48V lo = 60A mApp 
BW 5Hz to 20MHz ( (see fig. 2) 


in fin mone feeaenesere| Sj 


Enable Input Current = 38 iy 60V lo =0 to 60A -—1 mA 
en 
Viinh | Max Inhibit Voltage = 38 to 60V lo = 0 to 60A 18 V 
lene open 


Total Output Voltage Regulation | Vi=38to60V lo=Oto60A | 4.490 | 5.075 | 5.210 


Vost Short-term Output Vj = 38 to 60V lo =0 to 60A 5.002 | 5.075 | 5.148 V 
Voltage Regulation - 

Vv Total Static Output Vi = 38 to 60V Ilo =0 to 60A 4.970 | 5.075 | 5.180 V 

ots | Voltage Regulation 
_—_ Output Overvoltage Limit Initiation | Vi = 38 to 60V Io = 0 to 60A an ee ee 
Output Ripple Voltage ra to 60V Io = 60A mVpp 
Output Noise Voltage = 38 to 60V lo = 60A 
Total Remote Sense Vi = 38 to 60V V 
Compensation 
Peak Load Transient Response = 48V dlo = 10A 100 mVp 
heed 0.1A/us 


Oo cue 7 PE 
[to Ovwrewen inion wewe e 
Tose _| Shortcrcut OuiputGurent[vicaev—SSCS~iSC“‘ir | 


Load Transient Setting Time = 48V dlo = 10A 250 LS 
sie 0.1A/us 
Turn-on Time = 38 to 60V Io = 0 to 60A 
vies from high to low 


Viz0to60V lo =0to60A re 

Vien = low 
a 
Te settee feweareeme fe arta a 
[rin _| Thermal Resistance | Caseto Ambient +f sa || “ow 

Tcop | Operating Case +70 °C 

a hal 
[aig_| Strege Terperaurefange | SSSCSCS~ 


* Thermal intervention @ Tcop = 85°C 
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CONNECTION DIAGRAM AND MECHANICAL DATA 
Figure 1. 


(0.7) 16 x 4-40 UNC 
{6 x MS (E version) | 
t 


gee (0.062) 
~~ 44 (0.16) 
| 
1 (0.04) 


55.63 (2.19) 55.63 (2.19) 


4 (0.16) 
113.5 (4.47) 


i? 


13.59 
(0.535) 


a4 

aR ey 
(@) 
es 


7 x 5,08 (0.2) _8 x 5.08 (0.2) 


d 


Onn 
©©GQGOO® 


ie) 


|®e 


125 (4.925) 
Package U. Dimensions in mm (inches) 


PIN DESCRIPTION 


Description 


Negative input voltage. 

Rey voltage. Unregulated input voltage (typically 48V) must be applied between 
| 5 | SYNC Synchronization pin. See figures 3, 4, 5, 6. Open when not used. 

| 6 | PARALLEL Parallel output. See figures 3, 4, 5, 6. Open when not used. 

7 ON/OFF The converter is ON vient, when the voltage applied to this pin with reference to pin 1,2 
is lower than 1,2 V (see Vien). The converter is OFF (inhibit) for a control voltage in the 
range of 8 to 18V. 

When the pin is unconnected the converter is OFF (Inhibit). 
| 8 CASE |Caseconnectionpin ees connection |Caseconnectionpin ees 
aa the remote load high side. To be connected to pin 15,16,17 when remote sense is 
+ SENSE not used 
Senses the remote load return. To be connected to pin 11,12,13,14 when remote sense is 
not used. In parallel configuration, take care to connect all SENSE pins together (see 
figures 3,4,5,6). 
11,12, 7 
13, 14 5V voltage return. 
is ve +5V output voltage. 
iy, SGS-THOMSON 
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USER NOTES 
Reflected Input Current 


The reflected input current measurement (lir, see Electrical Characteristics) is performed according to the 


test set-up of fig. 2. 


Figure 2. 


CURRENT 
PROBE 


e 
Vis 38 to GOV oa 
(' = 220uF 


+ Vin 


GS300T48-5 


Softstart 

To avoid heavy inrush current the output voltage 
rise time is 10ms maximum in any condition of load. 
Remote Sensing 

The remote voltage sense compensation range is 
for a total drop of 0.6V equally shared between the 
load connecting wires. 

It is a good practice to shield the sensing wires to 
avoid osciliations. 

See the connection diagram on figures 3, 4, 5, 6. 
Remote ON/OFF 

The module is controlled by the voltage applee 
between the ON/OFF pin and -IN pin. 

The converter is ON (Enable) when the voltage 
applied is lower than 1.2 V (see Vien on Electrical 
Characteristics). 

The converter is OFF (Inhibit) for a control voltage 
in the range of 8 to 18V (see Viinh). 


- Vin 


When the pin is unconnected the converter is OFF. 
Maximum sinking current is 1mA. 


Module Protection 


The module is protected against occasional and 
permanent shortcircuits of the output pins to 
ground, as well as against output current overload. 
It uses a current limiting protection circuitry, avoid- 
ing latch-up problems with certain type of loads. 


A latching crowbar output overvoltage protection is 
activated when the output voltage exceeds the 
typical value of 6.3V (see Electrical Charac- 
teristics). Athermal non-latching protection disables 
the module whenever the heatsink temperature 
reaches about 85°C. 

Parallel Operation 

To increase available output regulated power, the 
module features the parallel connection possibility 
with equal current sharing and maximum deviation 
of 10% (two modules in parallel). 


See the connection diagram on figures 3, 4, 5, 6. 
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Figure 3. Figure 4. 


NEARBY LOAD NEARBY LOAD 


15,16,17  15,16,17 15,16,17 2 15,16,17 


rd ) 1) t 
ae ME | 


PARALLEL [¢ PARALLEL PARALLEL 
SYNC 


WITH SWITCHING FREQUENCY SYNCHRONIZATION WITHOUT SWITCHING FREQUENCY SYNCHRONIZATION 


Figure 5. Figure 6. 


REMOTE LOAD REMOTE LOAD 
. + Out er cine snare 


PARALLEL PARALLEL 
SYNC 


WITH SWITCHING FREQUENCY SYNCHRONIZATION WITHOUT SWITCHING FREQUENCY SYNCHRONIZATION 


Thermal Characteristics Six threaded holes, # 4-40 UNC on the standard or 
The case-to-ambient thermal resistance of the | #MS3onthe E version, 5 mm (0,2") maximum deep, 
GS300T48-5 module is 5.2°C/W typical. It maybe ae provided for this purpose (see fig. 1). 
decreased, improving the convection cooling, by 

mounting an external heatsink to the top of the unit 

heatsink. 
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44W NEGATIVE SWITCHING REGULATOR 


| we | wT me | 


GS-R4840N | —43to—60V 1,08 A 


DESCRIPTION 


The GS-R4840N is a negative input, negative out- 
put switching voltage regulator that can provide up 
to 44W output power without input to output isola- 
tion. 


Input Voltage lo = 1.08A _4 


|= 48 | -60 | 
Vni Input noise Vij = — 48V lo=—-1A { 
(CCITTP53) 
| ij | Input Current Vi=-48V lo =—1.08A a a ee 
Vo Output Voltage Vij = — 43 to — 60V —38.5}—40.5|-42.5] V 
lo=Oto—1.08A 
Vor Output Ripple Vi =— 48V lo=—1.08A 100 | mVpp 
Voltage 
Von Output noise Voltage Vi =— 48V lo=—-1A | mV 
(CCITTP53) 


[Tose [Output unenttint —_[WinmaevSSSCS~—SCS~SSSC*d te | 
Ts | Switching Frequency [SSS gd 


Top Operating Case +70 °C 
Temperature Range 
‘ Tstg Storage Temperature —20 +85 °C 
Range 
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CONNECTION DIAGRAM AND MECHANICAL DATA 


0.5 (0.02) 


85.5 (3.37) 20.5 (0.81) 


2.2 (0.87) | 


ve BLL LL 


2 54 (0 1) 


18.4 


(0.72) i ) l BD 0.84 (0.025) 


Ti H ™ 


| | 


66.67 (2.62) 


78.5 (3.09) 


82.3 i328) = | 


Package H. Dimensions in mm. 
Note: Pins 1 and 4 are internally connected 
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36 W NEGATIVE SWITCHING REGULATOR 


pe | ow | ve |e 
GS-R4840NV |— 40 to — 60 V|-22 to -60 Vi — 600 mA 


FEATURES 


= Digital input for voltage selection 
= Short-circuit protection 

= Overvoltage protection 

=» Thermal protection 

= Softstart 

= Fault signal indication output 

= High efficiency (>80%) 


DESCRIPTION 


The GS-R4840NV is a negative input, negative The output voltage is programmable by input logic 
output switching voltage regulator that provides up signals that allow 64 steps (6 bit) of regulated 
to 36W output power without input-output isolation. output, from —22 to -60V. 


ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 


Vi Input Voltage Vo =— 22 to-—60V —40 — 48 V 
lo =— 10 to-— 600mA 
Input Ripple Voltage Vi = — 40 to— 60V lo = — 600mA | | 20 | mvVpp | 
Output Voltage - Vi=-40to-60Vlo=-10to-600mA | -22 | | -6o |] v | 


Vor Output Ripple Vo =— 22 to—60V 4 10 mVpp 
: Voltage lo =—600mA 
Voov | Output Overvoltage Vi =— 40 to-—60V Vo+5% Vo+10% V 

Protection lo =— 10 to-— 600mA 

Output Current Vj = — 40 to—60V -— 10 mA 
Vo =— 22 to - 60V 

Current Limit Vj =— 40 to -—60V mA 
Overload Condition 

losc | Output Average Vi = — 40 to — 60V 
Short Circ. Current 


is | Switching Frequency a a ae 


Ce ee cis and 
Oo=— 


|_Rth__| Thermal Resistance Case to Ambient pH} 4 |_| ci 
Tcop | Operating Case 
Temperature Range 
Tstg | Storage +105 
Temperature Range 
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CONNECTION DIAGRAM AND MECHANICAL DATA 


58.65 (2.31) 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Va 
“* 


5.08 2 x 10.16 (0.4) 


. : . : 68 (2.56) 
Package F. Dimensions in mm. (inches 


PIN DESCRIPTION 


[Funeton | SSS™S~C«é ptm 
Negative input voltage. _ 


Inhibit/ Remote Inhibit/Enable logically compatible with CMOS or open collector TTL. The 
converter is OFF (Inhibit) when this pin is unconnected or the voltage applied is in the 
Enable 


range of 2 to 5V (referred to GND). The converter is ON (Enable) for a control voltage in 
the range of 0 to 0.8V maximum. 
GND IN Return for input voltage source and +5V logic supply voltage. Internally connected to pin 
15. 
+5V IN +5V logic supply voltage. Maximum voltage must not exceed 7V. 
Data bit 0 (LSB). 


To [pas —*idaabts mS. —SOCSC~“~S*S*~“—s*S*~*~“—s~“—S*~*~“‘—s~—s~*~“—s~s~s~s*s*S~S~S 


ag control. An active low control which enables the microprocessor to write data to the 
DAC. 


Negative output voltage. 
- an overtemperature is present 


14 | FAULT FAULT indication output (referred to GND). The FAULT signal is high (TTL compatible 
| . - an overvoltage is present (Vo > Vo+5%) 


level) when: 
GND OUT Return for output voltage source. Internally connected to pin 3. 


- the INHIBIT is ON (high) 
Note: Case internally connected to Ground. 


N 


- an output overload is present (Vo < 18V typ.) 


2/3 
~\______________ 7 s6s:THomson 
784 


GS-R4840NV 


\ 


USER NOTES 
Digital Information 


The GS-R4840NV accepts 6 bit binary at the data) tps and tbH have to be 100ns and 50ns minimum 
inputs DBO to DB5. Data are transferred when CS respectively (see fig. 1). 
is low and during the rising edge of WR signal. : 


Figure 1 - Signals Timing. 


{|} 
am ai 


tos t pH 
($100nS) (>50nS) 
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APPLICATION NOTES 


wa SGS-THOMSON 
Sf MICROELECTRONICS APPLICATION NOTE 


TS5070/5071 COMBO II PROGRAMMING AND HYBRID 
BALANCING WITH SOLID-STATE SLICs 


By Bernard SABY 
1. INTRODUCTION 


2. SCHEMATIC DIAGRAM 
3. PROGRAMMING THE TS5070/71 COMBO II 
. Control 
. Latches 
. Time-slot and Ports 
- TXgain and RX gain 
4. HYBRID BALANCING 
. Echo path of the SLIC 


2-wire interface 4-wire interface Digital PCM 
interface 


TS 5070/71 
COMBO I! 


Analog RX 


y 
Senate POL RSOIIREE DLT COLD IPLPEOLLE LILI S Oa A 


Control interface 


to other 
Combos 


typ 
Bes Toes Mapes rene MTG be 


wy 
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APPLICATION NOTE 


1. INTRODUCTION 


The 1TS5070/71 COMBO II is a programmable 
Codec/Filter circuit especially developped for the 
subscriber line card applications in a central office 
or PABX. 


Compared to the currently used first generation cofi- 
decs, such as : ETC 5054/57, M5913/14, ... the 
TS5070/71 COMBO II provides two major enhance- 
ments : 


1) Several functions, previously assumed by exter- 
nal components, are now "on-chip" with the 
TS5070/71 COMBO II. Such features include : 


- Gain adjustable transmit and receive amplifiers 
(25.4dB range). 

- Time-slot assignment (one out of 64). 

- PCM port assignment (2 transmit and receive 
ports, on the TS5070). 

- Analog and digital loopback, for test mode. 

- Hybrid balance cancellation filter. 


2) Allthese added functions are programmed by the 
card-controller, through a 4-wire serial bus. Other 
programmable features include : 


- A-law or u-law selection. 

- European (2.048 or 4.096MHz) or North American 
master clock (1.536 or 1.544MHz). 

- 6 input/output interface latches (5 on the TS5071). 
These latches facilitate the logical interface with a 
transformer or an electronic parallel control SLIC, 
such as L3000N+L3092 kit or L803X monochip 
SLIC or any other function. 


The programmable features of the TS5070/71 
COMBO II simplify the design of the line card and 
provide more flexibility, especially when the same 
module must operate in different countries and must 
deal with the various telecom administrations re- 
quirements : only a few external components must 
be changed in the SLIC and the major adaptations 
are assumed by the 1S5070/71 COMBO II pro- 
gramming. 

As an example, this note describes briefly the de- 
sign of a line card module, using a 1S5070/71 
COMBO II with a transformer SLIC and the solid 
state SLICs from SGS-THOMSON Microelectronics 
L3000N/L3092 kit and the L303X monochip SLIC. 
The adaptation of the line card kit to several telecom 
administrations requirements is also discussed.. 
The TS5071 basic version of the COMBO II is pack- 
aged in a 20-pin DIL case. The TS5070 is a full fea- 
ture version available in a 28-pin PLCC or 28-pin 
DIP package : 


- Interface latch pin IL5 is bonded out : 6 input/output 
latches are available. 


- Programmable ports : DX1, DR1, and TSX1 are 
bonded out : 2 PCM port are available. 

- Serial interface : Cl and CO are separated. 

- Clock inputs : BCLK and MCLK are not bonded to- 
gether, providing two separate clock inputs. 


2. SCHEMATIC DIAGRAM 


TRANSFORMER SLIC 


The design of the transformer is greatly simplified, 
due to the on-chip hybrid balance cancellation filter 
: Only one single secondary winding is required (see 
fig. 1). ZT is the line termination impedance as re- 
flected through the transformer (impedance meas- 
ured between Tip and Ring) : its value is determined 
by the administration requirements and the trans- 
former characteristics. 


ZT provides an echo : a part of the receive signal on 
VFRO is injected into the transmit path VFXI. The in- 
ternal hybrid balance filter is designed in order to 
replicate the echo path, and thus to cancel it. 


In this application, the input/output latches are used 
as relay drivers (buffered through an external tran- 
sistor) : ring relay, test relays... and line monitoring 
: off-hook detection, ground key detection. Thus, the 
card controller can monitor the whole line card mod- 
ule through the unique control port of the TS5070/7 1 
COMBO Il. 


When the CS pin is held high by the card controller 
(chip disabled), the CO output of the TS5070 is 
placed in a high impedance state, allowing several 
TS5070/71 COMBO II to share the same data link. 


SGS-THOMSON MICROELECTRONICS SLIC 
AND THE TS5070/71 COMBO II: A KIT 
APPROACH 


SGS-THOMSON Microelectronics provides now 
solid-state monolithic SLICs. These chips associ- 
ated with the TS5070/71 COMBO II and the espe- 
cially designed protection components, feature all 
the BORSCH functions (i.e. Battery feeding, Over- 
voltage protection, Ringing injection, Supervision of 
the loop, Codec/Filter and Hybrid 2-wire to 4-wire 
conversion). The versatility of these kits allows an 
easy adaptation for the different Telecom Admini- 
strations requirements throughout the world. 


The schematic diagrams are detailed in fig. 2 and 3. 
The SGS-THOMSON SLICS parallel contro! inter- 
face allows the use of the IL interface latches of the 
TS5070/71 COMBO II (see fig. 2 and 3). 


The ZAC impedance synthesizes the output imped- 
ance of the SLIC on Tip & Ring ; hence, this network 
should be designed differently for each country. The 
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structure of this network is a copy of the line imped- 
ance ; please, refer to the relevant SLIC data-sheet 
for more details. The "balancing" network, ZA and 
ZB is used by the SLIC to balance the 2-wire/4-wire 
conversion. When using the TS5070/71 COMBO Il, 
this balancing network is no more necessary (ZB pin 
to GND) being the hybrid balancing performed by 
the "Hybal" filter of the Combo. 


3. PROGRAMMING THE TS5070/71 
COMBO II 


The control information of the TS5070/71 COMBO 
ll require 2 bytes of informations, with the exception 
of a single-byte power-up/down command. 


When CS is pulled low a first "Instruction" byte is 
shifted into the TS5070 COMBO II, at pin Cl (or Cl/O 
for the TS5071) on the falling edge of each CCLK 
clock pulse, the most significant bit first. During the 
8th (dummy) bit, the content of this instruction is de- 
coded by the Combo and, depending wether a 
"read" or a "write" instruction is performed, a second 
"data" byte is shifted into or shifted out from the 
Combo. 


* Bit #1 is the single-byte control bit : when 0, this is 
a single-byte power-up/down instruction, no data 
byte is expected. 


* Bit #2 is the read/write control bit : when 0, the data 
byte will be written by the card controller into the 
Combo. When 1, the data byte will be read by the 
card controller from the Combo. 


APPLICATION NOTE 


* Bit #8, 4, 5, 6 specify which one of the 10 registers 
of the TS5070/71 COMBO II is to be accessed. 


* Bit #7 is the power control bit : when 0, the Combo 
is placed in power-up state ; when 1, the Combo is 
placed in power-down. Note that the power state 
can be set in any instruction. 


* Bit #0, the last bit, is a dummy bit to allow for de- 
coding of the 7 previously entered bits. Its value is 
not taken into account and has no influence on the 
TS5070/71 COMBO II operation. 


When writing to the TS5070/71 COMBO Il, the data 
byte may follow the instruction byte immediately, or 
CS may be pulled high between the 2 bytes. The 
data byte is shifted into the Combo in the same way 
as the instruction byte : MSB first, on the falling edge 
of each CCLK clock pulse. 


When reading from the TS5070 COMBO ll, the data 
byte is shifted out, onto the CO pin (CI/O pin for the 
TS5071), MSB first, on the rising edge of each 
CCLK clock pulse. As for the write operation, CS can 
be pulled high between the instruction and the data 
byte. 

After a read or a write operation is completed, it is 
recommended, although this is not mandatory, that 
the CS pin should be put high to reset the control port 
logic. 

The content of the instruction byte is detailed in table 
1:3 


Table 1 : Instruction Byte. 


are an ea eae ee ae eee 


[Single Byte Power-upidown | P| CX | UX | UX | xX | xX | lo TX 
[ControlRegister | P| CT | | co | wT | x 
[Latch Direction Register | oP | | to | ct | to | hw Tt | x 
‘Interface Latch Register | OP | of oo | oo lt | wt | x 
[Receive Time-stotipot | P| tt | | Tt | wat TX 
Transmit Time-siovpot | P| tt | co fT ct | oo PT Ww Tl | x 
[Receive GainRegister | PCT | ct | to | co | wt CX 
Transmit Gain Register ee a OD Ge (ee 
[Hybrid Balance Register#1 S| OP | oo | ct | 4 | co | wT at | x 


[Hybrid Balance Register#2 | P| | at | ot | ct | wot | x 
[Hybrid Balance Register#3 | PT 1 | co | oo | co | ww Tt | xX 


P = Power control bit : "0" = Power-up, "1" Power-down 
W = Read/Write control bit : "O" = Write, "1" = Read 
X = don’t care (0 or 1) 
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DATA BYTE : CONTROL REGISTER 


The content of the control register is detailed in table 2 : 


Table 2 : Control Register. 


Bit Number 


= State at power-on initialization. 


The * specifies the default value of the control reg- 
ister at the power-on initialization. 


MCLK : Master clock used by the Combo’s filters, 
encoder and decoder. It is necessary to indicate 
which frequency is beeing applied to the Combo, for 
a correct filter operation. 


COMPANDING LAW : the u-255 compressing and 
expanding law is used in USA & Japan, A-law in 
Europe. Usually, in A-law, even bits are inverted : 
0000 0000 becomes : 0101 0101 ; if this even bit in- 
version is performed in another part of the switching 
system, a "No even bit inversion" is available. 


DATA TIMING : In Non-delayed Data Timing mode, 
the time-slot always begin with the rising-edge of 
FSX or FSR ; Time-slot Assignment is not available 
in this mode. 

In Delayed Data Timing mode, time-slot begins after 
a falling edge of BCLK, when FSX or FSR is set high 
; the Time-slot Assignment feature of COMBO II can 
be used in this mode only. 


Note that PCM port selection is available in both tim- 
ing modes. 


LOOPBACK : Test modes : In Analog Loopback, 
VFXI is isolated from input pin and internally con- 
nected to the VFRO output, providing a complete D 
to D test loop. 


In Digital Loopback, the PCM byte written into the 
Receive register, can be read back in any Transmit 
Time-slot at DXO (or DX1) pin. 


POWER AMP : if "1", the power amplifier, at VFRO 


Function 


MCLK = 512KHz 
MCLK = 1.536 or 1.544MHz 
MCLK = 2.048MHz" 

MCLK = 4.096MHz 


O xX u-255 Law* ; 
1 0 A-law, with Even Bit Inversion 
1 1 A-law, no Even Bit Inversion 


Delayed Data Timing 
Non-delayed Data Timing* 
Normal Operation” 

Digital Loopback 

Analog Loopback 


Power Amp Enabled in PDN 
Power Amp Disabled in PDN* 


output is disabled during the power-down state, i.e. 
VFRO pin is high impedance state. 


It is very easy to set the TS5070/71 COMBO II con- 
figuration in any "U.S." or "European" environment. 


In the following example, the line card module must 
be adapted to an european telecom administration 
specifications ; should be selected : 


- Master clock = 2.048MHz 

- A-law with even bit inversion 

- Delayed.-data timing (which allows the Time-slot 
assignment feature) 

- Normal operation (no loop back) 

- Power amp disabled in power-down 


Consequently, the instruction byte 10000010 (82 
hexadecimal), followed by the data byte "10100001" 
(A1 hexadecimal) should be written into the 
COMBO Il. 


DATA BYTE : LATCH DIRECTION REGISTER 


Pane eee eee 


* The bits #7 to #2 specify the function of each in- 
terface latch pin ; bit #0 and bit #1 are dummy bits. 
* If Ln = 0 then ILn is a high-impedance input. 
* If Ln = 1 then ILn is an output. 
Notes : - unused pins should be programmed as 
outputs. 
- When using the TS5071 the IL5 pin 
should be programmed as an output. 
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In the case of a L3092 SLIC, as described in fig. 3, 
ILO pin, IL1 and IL4 are connected to L3092 inputs 
: they must be programmed as outputs. IL2 and IL3 
must be set as inputs, because they are connected 
to L3092 outputs and IL5 is not used : this pin should 
be set as output. 


In this example a "11001100" (CC hexadecimal) 
code should be written into the Latch Direction Reg- 
ister. 


DATA BYTE : INTERFACE LATCH REGISTER 


poe ar 


X = Don't Care. 


* When writing to this register, the IL pins pro- 
grammed as outputs assume the state of the corre- 
sponding bit Dn, in data byte. 


* When reading from this register : for the IL pins pro- 
grammed as outputs, the Dn bits correspond to the 
data previously written in this register ; for the IL pins 
programmed as inputs, the Dn bits correspond to 
the data read by these input pins. 


In the case of the L3092 (fig. 3), if the SLIC must be 
put in "stand-by" mode, i.e. PWON and RNG pins = 
O and NCS = 1, "00001000" (08 hexadecimal) 
should be written into the Interface Latch Register. 
Note that bit #5 and bit #4 have no effect, since the 
IL2 and IL3 pins are programmed as input. 


DATA BYTE : RECEIVE TIME-SLOT REGISTER AND TRANSMIT TIME-SLOT REGISTER 


x< 


Ere Time-slot (0-63) 

* The 6 bits T5-T0 assign one time-slot from 0 to 63 
(111111 in binary) ; available in Delayed Data Tim- 
ing only. 

* The PS "Port Selection" bit #6 selects the DRO in- 
put, when 0, or the DR1 input, when 1, in the Re- 


ceive Time-slot register, and, respectively DXO or 
DX1 output in the Transmit Time-slot register. 


Note : On the TS5071 the DR1 and DX1 pins are 
not bonded out : the PS bit must always 
be set to 0. 


* The EN bit enables (when 1) the PCM input or out- 

put selected by the PS bit or disables them (when 

0). 

Note : the disabled pins are in a high impedance 
State. 


In the above example, "Delayed Data Timing” was 
selected in the Control Register : when using the 
DX0/DRO PCM port, time-slot #5 for transmission 
and time-slot #27 for reception, the contents of the 
TX time-slot and RX time-slot registers must be : 
"40000101" (85 hexadecimal) and "10011011" (9B 
hexadecimal). 


Pepe adapas 
a ae an ag on ee 


ee : Enable DX1 Output, Disable DX0O (in TX reg.) 
TGs eeee) Enable DR1 Input, Disable DRO (in TX reg.) 


Xx Disable DX Outputs (in TX reg.) 
Disable DR Inputs (in RX reg. 
Enable DX0 Output, Disable DX1 (in TX reg.) 
Enable DRO Input, Disable DR1 (in RX reg. 


DATA BYTE : TRANSMIT GAIN AND RECEIVE 
GAIN REGISTER 


The TS5070/71 COMBO II includes a transmit and 
a receive programmable amplifier ; these amplifiers 
allow an easy setting of the transmission level point 
(OTLP =O0dBm0) of the COMBO Il, within the speci- 
fied limits. The following formulas give the 2 bytes 
to be programmed in the TX and the RX gain regis- 
ters : 


200 X log10 (Vvexi / V0.6) + 191, for the TX Gain 
Register, converted in binary. 


200 X log10 (Vvero / V0.6) + 174, for the RX Gain 
Register, converted in binary. 


V is the desired analog voltage, at VFXI pin for TX 
gain and VFRO pin for RX gain, expressed in Vrms, 
and corresponding to a digitalOdBm0 PCM level, as 
defined in CCITT G.711 ; the transmit input signal 
at VFXI must be in the range of 0.087 to 1.619Vrms, 
and the output receive amplifier at VFRO provides 
a signal from 0.106 to 1.96Vrms (fora OdBm0 PCM 
signal). 


The TX and RX gains can be also calculated from 
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the desired analog levels at VFXI and VFRO ex- 
pressed in dBm into 600Q ; in this case, the bytes 
to be programmed are calculated as follows : 


10 X (VFXI level in dBm 6009) + 191, forthe TX Gain 
Register, converted in binary. 


Figure 4 : Example of TX and RX Levels. 


2-wire 
——_———> 
BdBm 16899) 


—— 
-?dBm (6880) 


- the transmit signal is OdBm (6002) on Tip-Ring 
wires for a 0dBm0 PCM level at the DXO output. 
- the receive signal is - 7dBm (600Q) on Tip-Ring 
wires for a OdBm0 PCM level at the DRO input. 
The O0dBm0 PCM level is the bit sequence defined 
in the CCITT recommendation G.711. 
We must first determine the analog levels at VFXI 
input and VFRO output of the TS5070/71 COMBO 
ll. Due to their "feedback loop" structure, the SGS- 
THOMSON SLICs considered have a OGB gain, in 
RX direction and —6dB in TX direction. This particu- 
lar TX gain has been chosen in order to optimize hy- 
bal COMBO II filter dynamic range. Consequently 
the analog level at VFXI input will be :-6dBm (600Q) 
= 0.3873Vrms, and the output level at VFRO 
:— 7dBm(600Q) = 0.346Vrms. 
The TX gain to be programmed in the TS5070/71 
COMBO II will be : 


10 X (-6dBm) + 131 = 83 hexa = 10000011 binary 
this byte must be written in the TX gain register. 


The RX gain will be : 


10 X (- 7dBm) + 174 = 174 - 70 = 104 = 68 hexa = 
01101000 binary 


this byte must be written into the RX gain register. 
These programmable gains provide more flexibility 


4-wire 
-~6dBm (688) 


—KNKsX—amaK"""" 
~7dBm (688) 


10 X (VFRO level in dBm 600Q) + 174, for the RX 
Gain Register, converted in binary. 


Refer to the following example (fig. 4) : 


Digital 
SdBme PCM 


TSS6/7B/71 
COMBO I] 


SaaS 
BdBm’ PCM 
MN92L 3888-28 


for the design of the line-card : if the transmit signal 
is - 8dBm instead of -6dBm,, it is easy to re-program 
the TX gain register : 


10 X (- 8dBm) + 191 = 191 - 80 = 111 = 6F hexa = 
01101111 binary 


In this case, TX gain must be set to 111 decimal = 
6F hexadecimal = 01101111 binary. It is easy to 
adapt this example to any particular configuration. 
The designers shall notice that the gains are ad- 
justed in 0.1dB steps. Consequently, the gain for - 
8dBm will be 20 steps below the gain for -6dBm, i.e. 
131 -20=111. 

Note that if the analog output level, at VFRO, ex- 
ceeds 1.7Vrms, for a OdBm0 PCM input at DRO, 
there are some restrictions on the value of the load 
connected at VFRO: 

- if the level is less than 1.7Vrms, the load imped- 

ance must be greater than 300Q 


- if the level is between 1.7Vrms and 1.9Vrms, the 
load impedance must be greater than 600Q 


- if the level is between 1.9Vrms and 1.96Vrms, the 
load impedance must be greater than 15KQ 
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4. HYBRID BALANCING 


The hybrid balance filter of the TS5070/71 COMBO 
Il is entirely programmable : the "Zero" and "pole" 
combinations for the low frequency Hybal filter #1 


Figure 5 : Hybrid Balance Cancellation Filter. 


TEST 
NETWORK 


The Hybrid Balance Filter is set by the contents of 
3 registers ; an optimization software (TS5077) de- 
termines the 3 bytes to be written in these registers. 


ECHO PATH OF THE SLIC 


The first step for the calculation of the Hybrid Bal- 
ance Filter is the echo path of the SLIC : VIN/VOUT 
(see fig. 5). The amplitude and the phase of the echo 
signal must be determined for 14 frequencies, from 
200 to 3500Hz. A "Hybrid Balance" test network 
must be connected between Tip and Ring wires. 


The echo path can be measured or calculated by 
simulation of the transfer function of the SLIC. The 
TS5077 optimization software includes a simulation 
module for a transformer SLIC. 


OPTIMIZATION SOFTWARE 
The echo path must be entered into the program, for 


cL HYBAL #2_ 


APPLICATION NOTE 


and the high frequency Hybal filter #2 can be set by 
the card controller ; in addition, a programmable at- 
tenuator adjust the amplitude of the cancellation sig- 
nal (see fig. 5). 


.7S 5070/71 


each balancing network, then the optimization rou- 
tine is run. This routine tests all the combinations of 
the Hybrid Balance Filter and selects the one which 
is the closest to the echo path, and then provides the 
three bytes to be programmed into the three Hybrid 
Balance registers. Some optimization examples 
with the different SLIC kits from SGS-THOMSON 
Microelectronics are described in the Application 
Note "SGS-THOMSON SLIC KITS and COMBO II". 


5. CONCLUSION 


These examples show the great flexibility of the 
TS5070/71 COMBO Il in its adaptation with different 
line-cards, different SLICs and different countries. 
This flexibility, coupled with the programmable fea- 
tures, enhance the integration of the line-card : more 
subscribers per board, more reliability, easier adap- 
tation, ... and, last but not least : a significant reduc- 
tion of the total cost of the line card. 
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APPLICATION NOTE 


PABX BIG COST REDUCTION AND PERFORMANCE 
IMPROVEMENT ARE OBTAINED WITH A NEW SLIC CHIP SET 


by W. Rossi 


The new L3000N/L3092 SLIC need very few external components, very low power in ON-HOOK 
and provide innovative functions like Ringing injection, message waiting, line length measure- 


ment for autoadaptive systems. 


Abstract 


The new SGS-THOMSON SLIC (Subscriber Line 
Interface Circuit) kit LSO000N/L3092 suitable for 
PABX (Private Automatic Branch Exchange), low 
end C.O. (Central Office) and ISDN terminal 
adaptor applications is described. The two chip 
approach allows the integration of innovative 
functions as ringing generation and injection, line 
length evaluation, message waiting, loop exten- 
sion all software programmable. High level 
DC/AC performances are provided and very low 
power is requested in on hook condition (less 
than 10mW from battery and typ. 50mW from +5V 
supplies). 


1. INTRODUCTION 


The ’90 years represent a transition period from 
fully analog solution to fully digital (ISDN) one in 
PABX systems design. In particular in this new 
systems generation analog and digital line cards 
will coexist. The SLICs for this new systems 
should satisfy the following requirements: 


- do not degrade the transmission performances 
of the digital part (ex: noise due to relay bounces 
during ringing injection). 

- Software programmability of the DC/AC charac- 
teristics in order to have an easy adaptation to dif- 
ferent countries requirements. 


- Signaling self management in order to simplify 
the card controller software. 


- Low number of external components. 
- High reliability and low cost. 


In order to satisfy the above requirements a com- 
plex circuit structure is necessary. Such a struc- 
ture cannot be integrated in a single chip because 
high voltage technology is required to interface 
the subscriber line. Single chip solutions based 
on present H.V. Technology are possible only giv- 
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ing up most of the above requirements or increas- 
ing too much the device size and the external 
components number. The SGS-THOMSON SLIC 
family actually in production and based on a two 
chip approach is able to satisfy the above require- 
ments. In fact only the circuit directly connected to 
the line is realized in High Voltage Technology 
while all the control and signal management func- 
tions are performed in the control chip realized in 
high density, Low Voltage Technology. (15V). In 
addition this approach allows an easy adaptation 
to different applicative situation only selecting the 
proper low voltage control chip. In the following 
the LSOOON/L3092 kit is deeply described. 


2. L3000N-L3092 GENERAL DESCRIPTION 


The SLIC KIT L8000N/L3092 integrate all the 
functions, except the overvoltage protection, 
needed to interface a subscriber line. As shown 
in fig.1 the L8000N chip is a directly connected to 
the telephone line. On the L3092 chip two inter- 
faces are present. The first is an analog interface 
(4W) connected to the analog input/output of a 
Codec/Filter. The second one is a parallel digital 
interface that allows to set different operating 
modes of the kit and to transfer information about 
line status. Because of the internal latches circuit 
this interface can be connected to a SLIC com- 
mon control bus driven by the Line Card Control- 
ler (see fig. 1). In alternative this interface can be 
directly connected to the I/O control port of a sec- 
ond generation COMBO as SGS-THOMSON 
TS5070/TS5071 (see fig. 2). The main features of 
the LSOO0N/L3092 are the following : 


- Programmable DC feeding resistance and limit- 
ing current (25/40/60mA) 


- Low power dissipation (S5O0mW) in on hook con- 
dition (off-hook detector active). 


- Loop extension / Integrated message waiting 
function. 
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- Signaling function (ON-HOOK/OFF-HOOK; 
GROUND-KEY/GROUND-START detection) 


- Line length evaluation 
- Hybrid function 
- Line impedance synthesis (real/complex) 


- Balanced ringing signal generation with zero 
crossing injection 


- Automatic ringing stop with zero crossing when 


OFF-HOOK is detected. 


- Parallel latched digital interface for direct con- 
nection with 2nd generation COMBO or Card 
Controller 


- Low number of external standard tolerance com- 
ponents. 


- Integrated thermal protection that disable out- 
put stages when junction temperature exceeds 
140°C 


Figure 1: The latched parallel digital interface of L3092 allows an easy common bus control structure. The 
card controller select the proper SLIC via the corresponding CS pin. 
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Figure 2: The digital interface of L8092 is directly connected to the COMBOII I/O ports. The card controller 
manage this I/O digital interface via a 2Mbit serial control port. 
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3. OPERATING MODES 

Three input and two output pins represent the 
parallel digital interface. In addition a CS pin al- 
lows to connect the digital interfaces of all the 
SLICs on the Line Card to the same control bus; 
the digital datas applied to this interface selects 
one of the following operating modes: 


- Conversation or Active Mode 
- Stand-by or On-Hook Mode 

- Power Down or Disable Mode 
- Ringing Mode 


4. CONVERSATION OR ACTIVE MODE 


The SLIC is setted in this mode when the off-hook 
condition has been detected and the communica- 
tion must be activated; the main functions per- 
formed in this mode are: 


1) DC current feeding into subscriber loop. 

2) Signaling recognition (OFF-HOOK; GND-KEY; 
DIAL PULSES) 

3) Bidirectional transfer of speech band signals 


between line (2wire) and COMBO (4wire) inter- 
faces. 


4.1 DC CHARACTERISTIC 
One of the main SLIC function is to provide a DC 
current to the subscriber loop in order to feed 


L3000N 


LINE #4 


O 
LINE @n 


INTERFACE OC 
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properly the connected telephone set. In fig. 3 dif- 
ferent DC characteristics Line Current (Il) versus 
loop resistance (Rl) are shown. The (a) curve rep- 
resents the DC characteristic obtained with tradi- 
tional line interface based on transformer; as you 
can see it is a purely resistive characteristic 
(ll=VBAT/(2xRFS)) where typical RFS values are 
2000hm and 400ohm. The (b), (c), (d) curves 
represent the three different programmable DC 
characteristics that can be obtained with the 
L3000N/L3092 SLIC kit in conversation mode. 
Each curve is composed by two regions the first 
with constant line current and the second resistive 
were the RFS value is programmed by means of 
one external resistor. The constant current region 
allows a big power dissipation reduction with 
short lines if compared with the transformer solu- 
tion. In addition the possibility to program by soft- 
ware different limiting currents (25,40,60mA) 
make the system more flexible allowing an easy 
adaptation to the different administration require- 
ments and the possibility of the line length meas- 
urement. In fact when TEST MODE function is 
activated one of the digital interface output will 
show if the actual line current is equal or lower 
than the programmed limiting current value. The 
possibility to program three different limiting cur- 
rent values allows to distinguish four different line 
resistances ranges as shown in fig. 3; this infor- 
mation is very useful in order to optimize the 
transmission performances for each line length. 


3/9 
f SGS-THOMSO 
Sf oc 


801 


APPLICATION NOTE 


Figure 3: The (a) curve represents the DC characteristic obtained with traditional line interface based on 
transformer. The (b), (c), (d) curves represent the three different programmable DC characteristics that can 
be obtained with the LZO00N/L3092 SLIC kit in conversation mode. 


L3000N/3092 DC Characteristic. 


feeding resistance: 2 x 200Q; 
batt. voltage 48V 
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In particular if a second generation COMBO, as 
SGS-THOMSON TS5070/71 is adopted the line 
length can be used to select by software proper 
transmit/receive gains and balance impedances 
obtaining in this way an autoadaptive system at 
four states. Another important feature consists in 
the balanced line feeding circuit; it means that line 
current variations will produce equal and opposite 
voltage variations on the A, B, or TIP, RING SLIC 
line terminations. This characteristic is very im- 
portant because during dial pulse selection the 
line current change from zero to the maximum 
value producing large line voltage variations. The 
balanced structure avoid high common mode sig- 
nals generation with very short rise/fall time. It 
should be noted that this problem is always pre- 
sent when monolithic SLICs with integrated 
DC/DC converter are adopted in fact in this case 
doesn’t exist voltage symmetry between the two 
line terminations. This kind of common mode sig- 
nals produce serious transmission problems on 
the ISDN line present in the same system; in ad- 
dition they are also noise sources for the other 
analog lines. The L3000N/L3092 SLIC kit has 
been studied not only in order to avoid common 
mode noise on the line, but also to be less sensi- 
tive to the noise present on the battery voltage 
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typically generated by dial pulse selection and 
ringing injection operations. In particular the noise 
on the battery voltage is transferred to the line 
with an attenuation higher than 20dB for low fre- 
quency components (10Hz) and with more than 
40dB for speech band components (typ. 1KHz). 


4,2 LONG LINES FEEDING. 

The L38000N/L3092 SLIC kit is also suitable for 
public central office, since in this application is 
sometimes required to feed very long lines a par- 
ticular operating mode (Boost Battery) is pro- 
vided. When the boost battery mode is activated 
the DC characteristic is modified allowing 20mA 
of feeding current for 4Kohm of loop resistance 
equivalent to more than 10Km (see fig.4). Consid- 
ering PABX dedicated to Hotel applications this 
operating mode can be used to perform the 
"MESSAGE WAITING" function. In fact when the 
Boost Battery mode is selected and the line cur- 
rent is zero the line voltage is greater than 100V; 
this voltage is high enough to switch on the neon 
lamp on the telephone set typically used to inform 
the subscriber to call back the operator. During 
Boost Battery operation the L3000N line interface 
circuit fed its internal output stages between the 
negative battery (typ -48V) and the positive bat- 
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Figure 4: DC characteristic in Boost Battery mode allows to feed very long lines (20mA/4Kohm) and to 
perform the "message waiting” function. For line current close to zero the TIP/RING voltage is greater than 


100V. 


L3000N/3092 DC Characteristic. 


feeding resistance: 2 x 200Q; 
Boost Battery mode (tot. batt.: 120V) 


2 3 


tery voltage (typ. +72V) already present for the 
ringing operation. 

4.3 SIGNALING. 

When the Conversation operating mode is se- 
lected on the two output pins of the digital inter- 
face the following informations are provided: 

1) ON-HOOK/OFF-HOOK detection 

2) GROUND KEY / GROUND START detection. 
In addition the off-hook detection delay is very low 
allowing dial pulse detection with a distortion 
lower than 1% . On the contrary the ground key 
information is filtered with a time constant in the 
range of 100ms. 


4.4 AC CHARACTERISTIC. 

The L38000N/L3092 SLIC kit provide excellent AC 
characteristics, in addition its internal structure al- 
lows an easy programming of the line and bal- 
ance impedances both real or complex by means 
of external scaled (by 25) components. It means 
that in case of complex impedances the external 
capacitors values will be 25 time lower than the 
synthetized values. Another peculiarity of the 
L3000N/L3092 SLIC kit is the possibility to re- 
cover the insertion loss due to the external pro- 
tection resistors connected between the SLIC TIP 
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and RING (A, B) output pins and the line; such re- 
sistors cannot be avoided being necessary to limit 
the line current when surges or other causes pro- 
duces overvoltages on the line. The major part of 
the monolithic SLICs available on the market re- 
quires low values for the external protection resis- 
tors (< 200hm) being not able to recover the at- 
tenuation produced by such components. 


This attenuation become a problem in presence 
of complex line impedance because its value de- 
pends also on the frequency. If protection resis- 
tors higher than 20ohm are adopted the corre- 
spondent amplitude distortion with frequency will 
not be acceptable and external complex equaliz- 
ing circuit required. 


On the contrary the L8000N/L3092 SLIC kit al- 
lows to use protection resistors in the range from 
30 to 1000hm increasing in this way the system 
protection level. In this condition the guaranteed 
insertion loss flatness (including external protec- 
tion resistors) between 2W (line) and 4W 
(COMBO) interfaces is +/- 0.1dB for both real or 
complex line impedances. 


Another important L3OOON/L3092 SLIC kit feature 
for the overall system performances is the capa- 
bility to work also in presence of high induced lon- 


5/9 
f S¢GS-THOMSO ore ct Pe ae 
Sf See creme 


803 


APPLICATION NOTE 


gitudinal line current. The longitudinal current can 
be generated by the following causes: 


1) Magnetic/capacitive coupling between the 
subscriber line and the AC main power distribu- 
tion network (110/220V; 50/60HZz). 

2) Magnetic/capacitive coupling with adjacent 
subscriber line on which large voltage/current 
variations are present (ex: dial pulse selection; 
ringing injection..) 

3) Magnetic/capacitive coupling with high fre- 
quency electromagnetic waves. 

For a proper SLIC operation in presence of the 
above conditions the following characteristics are 
necessary: 

1) High value of Longitudinal to Transversal Con- 
version (LTC) 


2) High value of Longitudinal to Transversal Con- 
version also in presence of high common mode 
current. 

3) High value of Longitudinal to Transversal Con- 
version also in presence of high frequency com- 
mon mode current. 


The L3000N/L3092 SLIC kit is able to satisfy all 


Figure 5a: Test circuit for EM! evaluation. 


the above requirements; in particular the LTC guar- 
anteed value is 52dB; the typical is 60dB. This 
value remain nearly unchanged also for high com- 
mon mode current (ex. 65mA peak on each wire 
with 25 mA of transversal DC line current or 50mA 
peak with 40mA of transversal DC line current). 


In addition the high gain-bandwidth product of the 
L3000N integrated operational amplifiers allows 
to keep the LTC value very high also for common 
mode current frequencies up to 200/300kHz. 
Higher frequencies common mode current can be 
easily attenuated connecting between the line ter- 
minations and ground small capacitors (10/20nF). 
The low effect of such capacitors on the SLIC AC 
parameters (gains, impedances, two to four wire 
conversion....) can be easily recovered acting on 
the SLIC external components thanks to the high 
flexibility of the two chip architecture. 


In fig.5 are shown the test circuit used for EMI 

evaluation up to 10MHz and the results obtained 

with and without the filtering capacitors on line 

terminations. This excellent result show that the 

L3000N/L3092 SLIC kit provide very high rejec- 

in to aaa signals without requiring expensive 
.F. coils. 


BASIC TEST CIRCUIT CONFIGURATION 
FOR EMI MEASUREMENTS 


UTXp 


PSOPH. 
FILT. 


R1.R2=«288o0hm 
C1.C4<4.7uF 


DC LOOP 
HOLD. 
CIRC. 


L3000N 


E:Amplitude Mod. sinewave (F«iKHzim-8.8) 


E=s3.8Urms 18-1@8@KHzZ! E€-6.6Urms 1@@KHzZ-38NHz 
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Figure 5b: The high bandwidth and high current capability of L3O00N output operational amplifier allows 
an excellent rejection to longitudinal EMI signals up to 200kHz (a) curve. This good performances are 
maintained for higher frequencies using two inexpensive small capacitors (Crf=10/20nF). 


L3000N/3092 EMI measurements 
Test circuit: see FTZ 12 TR1 Teil 21 


UTXp 
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5. STAND-BY OR ON-HOOK MODE 


The LS000N/L3092 SLIC kit is usually pro- 
grammed in Stand-By mode when the connected 
telephone set is in on-hook condition; the only 
functions performed in this mode are: 


1) DC line feeding with low limiting current value 
(10mA) 


2) OFF-HOOK detection This second function is 
performed by a sophisticate circuit that allows a 
proper off-hook detection also in presence of high 
common mode currents induced on the line there- 
fore the off-hook information provided by the 
SLIC doesn’t need additional processing by the 
card controller. The reduced number of functions 
provided in this mode allows a significative SLIC 
power dissipation reduction (150mW). 


6. POWER DOWN MODE 


This mode is used in all those condition in which it 
is necessary to reduce to zero the power deliv- 
ered to the line (power failure, emergency, line 
not connected ....). In power down mode the line 
interface circuit LSO00N is completely switched off 
therefore not able to detect OFF-HOOK, its im- 
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pedance at line terminations is 1Mohm and the 
current sinked from the battery is reduced to zero. 
In this mode the power dissipation from the +/-5V 
supplies is typ. 50mW. In case a very low power 
dissipation is requested also when the telephone 
is in on-hook and in such condition it doesn’t sink 
more than 500uA the Automatic Stand-by Mode 
can be selected. The Automatic Stand-by Mode 
combine the advantages of the two previous op- 
erating modes, in particular: 


1) Accurate OFF-HOOK detection 


2) Low power consumption (50mW from +/-5V 
and <10mW from battery). 


When this mode is selected the L3000N is normally 
in Power-Down Mode. A dedicated circuitry inside 
L3092 will sense the line voltage and will automat- 
ically program in Stand-by Mode the L3000N if a 
possible off-hook condition is detected. 


7. RINGING MODE 


One of the L3000N/L3092 SLIC kit main charac- 
teristic is the possibility to inject directly the ring- 
ing signal on the line without request of external 
electromechanical relay and high level ringing 
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generator. In order to obtain from the L3OOON the 
proper level for the ringing signal an additional 
positive voltage source is requested (typically 
+72V). 


The ringing signal is obtained amplifying a low 
level signal (1.5Vrms) applied to the SLIC, this 
low level oscillation can be obtained either from a 
local oscillator or from the COMBO RX path. The 
ringing signal is injected on the line in balanced 
mode with a nominal amplitude of 60Vrms that 
can be increased up to 70Vrms. 


During the ringing injection the SLIC output im- 
pedance is just equal to the two series protection 
resistors (dohm); this characteristic allows to use 
lower ringing signal amplitude compared with the 
standard solutions where the ringing generator 
series impedance is typically 8000hm. In fig.6 is 
represented the effect of the low output imped- 
ance with different ringer load and compared with 


the traditional solution with a source voltage of 
75Vrms and 8000hm of output impedance. 

A dedicated circuitry guarantee that the ringing 
signal is injected and disconnected from the line 
always in presence of the zero voltage crossing 
transition, avoiding the generation of very fast 
voltage transition on the line. 

During ringing injection a sophisticate circuit will 
perform a complete ring trip detection; when off- 
hook condition is recognized the SLIC will auto- 
matically stop the ringing signal without waiting 
for the card controller command. 

In conclusion the L3000N/L3092 SLIC kit allows 
to save: 


- The centralized H.V. ringing generator 
- all the ringing relays 

- all the zero crossing circuitry 

- all the software for ring trip detection. 


Figure 6: Comparison between L3000N/L3092 SLIC kit and standard solutions ringing performances. 
The voltage across the ringer load after 1Km line (2800hm) is shown for different REN (Ringer Equiva- 
lent Number). The L3000N low output impedance in ringing mode allows to recover the lower source 
voltage (60Vrms versus 75Vrms) and to be better than standard solution when the REN increase. 


L30XX/3000N SLIC KITs 


EFFECT OF LOW OUTPUT IMPEDANCE DURING 
RINGING INJECTION (after 2802 line) 
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RINGER VOLTAGE 


75U 886Q2/STD GEN. 


2 3 4 ss) 
REN NUNBER(1REN=2. 2K+10UF ) 


8. CONCLUSIONS 


The complete circuitry needed to interface the 
PCM system highways to the subscriber line is 
shown in fig.7. The SLIC two chip approach al- 
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lows to reduce drastically the number of external 
components, to save the centralized ringing gen- 
erator, the ringing relay, the zero crossing ringing 
control and to implement the "message waiting" 
function. In addition the combination of the 
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L3000N/L3092 SLIC with COMBOII increase the 
system flexibility and performances. In particular 
the card controller can select by software: 


- DC feeding currents (25/40/60mA) 
- TX and RX gains (25dB range; 0.1dB step) - 


APPLICATION NOTE 


Balance networks 
- Time slot assignment (up to 64x2 slots) 


In addition the Test Mode implemented on L3092 
in conjunction with COMBOII allows to realize a 
four step autoadaptive balance system. 


Figure 7: Complete application circuit needed to interface a subscriber line with system PCM highways. Very 
low number of external components and high flexibility are achieved due to the SLIC two chip architecture. 
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L3845 FOR PABX AND MODEM 


LINE INTERFACE APPLICATIONS 


INDEX 


1. Introduction 

2. General application description 

3. General characteristics description 
3.1. DC characteristics 


3.1.c. OFF-HOOK detection 
3.2. AC characteristics 

3.2.a. AC Impedance 

3.2.0. Return Loss 

3.2.c. Distortion 


1 INTRODUCTION 


The L3845 is used for MODEM and PABX Line 
Interface applications. The circuit provides DC 
loop termination for analog trunk lines. The V/I 
characteristic is equivalent to a fixed voltage drop 
(zener characteristic) in series with an external re- 
sistance that determines the slope of the DC 
characteristic. An external low voltage electrolytic 
Capacitor causes the circuit to exibit high imped- 
ance to all AC signal in the voice band frequency 
range (>20 Kohm). The OFF-HOOK status is de- 
tected when the Line Current is higher than 8 
mA. In this condition a constant current generator 
is activated to supply an external device (typically 
an optocoupler) without affecting the DC/AC char- 
acteristics of the circuit. An additional function is 
provided in order to reduce the DC fixed voltage 
drop and the AC impedance (PULSE MODE) This 
function can be used to respect some European 
Countries specifications during Pulse Dialling Op- 
eration. 


2 GENERAL APPLICATION DESCRIPTION 


Figure 1 shows the block diagram of L 3845. Fig- 
ure 2 and figure 3 give two typical circuits for 
analog or digital applications. It is worth to note 
that the TRUNK TERMINATION CIRCUIT, to- 
gether with the LS 5018 transient suppressor pro- 
vides a compact and low cost module fully pro- 


AN384/1190 


by D. Salomoni 


tected against lighting or overvoltage frequently 
present of telephone lines. When it is not neces- 
sary to make the protection against high energy 
pulses the LS 5018 can be replaced with two zen- 
ers of 16 V connected in series back to back. 
With the use of this circuit it is possible to termi- 
nate an analog trunk so that the DC current com- 
ponent is flowing in the TRUNK TERMINATION 
CIRCUIT. The AC signal through a low voltage 
Capacitor it is provided to a low cost audio trans- 
former and to the internal circuits. In figure 2 is in- 
dicated as example a simple hybrid circuit to 
made the 2 wire / 4 wire convertion. In figure 3 is 
indicated an application circuit with the SGS- 
THOMSON TS 5070 second generation COMBO 
that provide a programmable 2 wire / 4 wire con- 
vertion in addition to CODEC FILTER and other 
functions. In some European Countries it is re- 
quested that when the system is in PULSE DIAL- 
LING OPERATION the DC voltage at the Line 
Terminals during the MAKE pulses must be lower 
than the DC Line voltage in OFF-HOOK condi- 
tion. By connecting the PULSE input (pin 3) to the 
reference ground V- (pin 2) the device reduces 
the DC charcteristic of about 1.5 V and the same 
time the AC impedance will decrease from 20 
Kohm to a value equal to the external resistor (56 
ohm typical). The PULSE function will be auto- 
matically set by the device if one capacitor is con- 
nected between pin 3 and pin 2 as will be explain 
in deep in the paragraf 3.2.d. 
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Figure 1: L3845 Trunk Interface 
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Figure 3 
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3 GENERAL CHARACTERISTIC DESCRIPTION 


In this chapter are described the characteristics of 
L 3845. 


3.1 DC CHARACTERISTICS 

The DC characteristic are divided in three parts: 
- DC characteristic in NORMAL MODE 

- DC characteristic in PULSE MODE 

- OFF-HOOK DETECTION. 

Figure 4: DC Characteristics 
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3.1.a DOC CHARACTERISTIC IN NORMAL MODE 


The NORMAL MODE is set when pin 3 is left 
open. In this mode the AC impedance is high 
(typical 20 Kohm). 

Figure 4 shows the typical DC characteristic for 
different Ri values. With a good approximation, 
the characteristic is linear for values of IL greater 
that 6 mA. The slope (AVL / AIL) of this charac- 
teristic is programmable and it is equivalent to the 
external resistor value. The test circuit is shown in 
figure 5. 


NOAMAL MODE 
4-R4=390hm 
2-Ai=56o0nm 
3-Ri=820nm 
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Figure 5 
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3.1.6 DC CHARACTERISTIC IN PULSE MODE 


This mode is set by connecting the PULSE input 
(pin 3) to V- (pin 2). In this mode the DC Line 
Voltage is reduced of about 1.5 V and the slope 
of the DC characteristic (AVL / AIL) is the same of 


Figure 6: DC Characteristics 
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the slope of the DC characteristic in NORMAL 
MODE, and equal to the external resistor R1 
value. The test circuit is shown in figure 5 with S1 
closed. Figure 6 shows the typical characteristic 
for different R1 resistor values. 
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3.1.¢c OFF-HOOK DETECTION CIRCUIT Drive Current at the output HDO (pin 4) versus 


The L 3845 has a circuit to detect the OFF-HOOK the Line Current IL. This circuit has the same 
condition. When the Line Current is over than 8 characteristic both in NORMAL and in PULSE 


mA the constant current generator at pin HDO MODE. The test circuit is shown in figure 5. 
(pin 4) is activated. Figure 7 shows the Output 


Figure 7: DC Characteristics 
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3.2 AC CHARACTERISTICS 

‘The AC characteristics are divided in four parts: 
- AC IMPEDANCE 

- RETURN LOSS 

- DISTORTION 

- AUTOMATIC PULSE MODE 


Figure 8: Impedance 
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3.2.a AC IMPEDANCE 

Figure 8 shows the AC IMPEDANCE of the de- 
vice L 3845 for different Line Current values. Fig- 
ure 9 shows the AC IMPEDANE for different C1 
capacitor values and figure 10 shows the AC IM- 
PEDANCE for different R1 resistor values. The 
test circuit is shown in figure 11. 


] 
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R1=S56o0hm 
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Figure 9: Impedance 
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Figure 10: Impedance 
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Figure 11 
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3.2.5 RETURN LOSS with S1 closed. The definition of the RETURN 


Figure12 shows the RETURN LOSS referred to LOSS is: 
600 ohm impedance for different C1 capacitor 

values. Figure 13 shows the RETURN LOSS re- | Zout + 600 | 
ferred to 600 ohm impedance for different R1 re- RL = 20 log =——_—_ 
sistor values. The test circuit is shown in figure 11 | Zout — 600 | 


Figure 12: Return Loss 
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Figure 13: Return Loss 
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3.2.c DISTORTION 


The measurements had been performed using 
the test circuit of figure 14. Figure 15 shows the 
maximum amplitude of the input signal between 
the pins 1-7 in order to measure a Total Harmonic 
Distortion less than 2%. It is possible to improve 
this performance connecting a resistor R2 in par- 
allel to capacitor C1. A typical value for R2 is 300 
Kohm. By this way, it is possible to increase the 
DC characteristic and therefore to improve the 


Figure 14 
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(3845 

REF IMP=6@@ ohm 
IL=2@mA 
Cim=2.euF 
1—-R1=330hm 


2e-R1i=S60hm 
3-R1-Beohm 


Sr 
Et ce 


TT Prd 


signal swing. The resistor R2 will influence also 
the slope of the DC characteristic, that will be- 
come: 


(ANE cops ; + 150 Kohm 
/\ Ab Re 


and the value of the AC impedance in the low fre- 
quency range. 
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Figure 15: Max. Line Voltage 


Figure 16 shows the MAX. Line Voltage versus 
Line Current for a THD = 2% and with R2 = 300 
Kohm and different R1 resistor values. Figure 17 
shows the DC characteristic with R2 = 300 Kohm 
and for different R1 values. Figure 18 shows the 


Figure 16: Max. Line Voltage 
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DISTORT ION=ex 
Ri=560hm 
Ci=2.2uF 


A2=not connected 


AC impedance with R2 = 300 Kohm and for differ- 
ent Ri values. When the signal is applied be- 
tween the pins 8-2 and the THD is measured at 
pins 1-7 the results are exactly the same. 


DISTOATION=e% 

1-Ri=3a90nhm Re=300Kahm 
2-Ri=330nm Ae=300Konm 
3-Ri-270nm R2=300Konm 


Ci=e.2ur 
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Figure 17: DC Characteristics 
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Figure 18: Impedance 
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3.2.d AUTOMATIC PULSE MODE 


The PULSE MODE is set by connecting the input 
PULSE (pin 3) to the reference ground V- (pin 2). 
To set L8845 in NORMAL MODE the PULSE in- 
put (pin 3) must be open. The device is able to 
set automatically the PULSE MODE, without any 
external operation, by connecting a capacitor C2 
between pin 3 and pin 2, the suggested value for 
C2 is 1 uF. In this case when the device recog- 
nise an ON-HOOK condition (IL < 8 mA) automat- 
ically it goes in PULSE MODE. The delay time tt 
to go from NORMAL MODE to PULSE MODE is 
about 0.8 mSec with C2 = 1 uF. When the Line 
Current returns higher than 8 mA the device will 
stay in PULSE MODE for a time t2 fixed by exter- 
nal C2 capacitor. This time is long enough in or- 
der to keep in PULSE MODE the device during 
PULSE DIALLING at 10 Hz. The delay time t2 is 
determinate by the relationship: 


Figure 19: Automatic Pulse Mode 
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PULSE MODE —— ————°Ff 


_ Co* (VT — VBE ) 
It 


Where VT is a voltage threshold of an internal 
comparator (VT = 1.4 V) and IT = 10 WA is the 
value of the internal current generator that charge 
the external capacitor C2 connected between pin 
3 and reference ground V- (pin 2). For: C2 = 1 uF, 
t2 will be = 80ms. Figure 19 shows the wave- 
forms at pins 8 and 3 for the function "AUTOMAT- 
IC PULSE MODE". Figure 20 shows the wave- 
form between pins 1 and 7. Figure 21 shows the 
test circuit. From figure 20 you can see that the 
DC voltage at pin 1 during the MAKE pulses is 
1.5V lower than the voltage in NORMAL MODE. 
In conclusion, how you can see, the device per- 
forms automatically the pulse function without any 
external device. 


to 
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Figure 20: Automatic Pulse Mode 
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1. DC PERFORMANCES 
1.1 DC FEEDING CHARACTERISTICS 
1.1.1 Active Mode: (DO = High, D1 = High) 


Three different feeding regions are present (see 
Fig.1) and the operation point is related to the 
Line Resistance (length) to be fed. 


Figure 1: Line Current vs. Line Voltage 


Line Current [mA] 
70 


= eee ee ee eee 


o 5 110 #=% 20 2 30 35 40 46 60 
Line Voltage [V] | 


1) Current Limiting Region. 
Line Resistance > 0 
Line Resistance < RL1 
ing region) 

A constant current is supplied to the Line, indipen- 
dently of the Line Resistance . 

The value of the current is selected out of three 
values according to the status of the control input 
ILIM: 


ILIM FEED CURRENT 


(Maximum Res. for Limit- 


Low 25mA 
NC 44mA ‘ 
55mA 


2) Resistive Feeding Region. 


Line Resistance > RL1 
Line Resistance < RL2 
sistive region). 

The DC feeding behaves as a Voltage Generator 
with an RFEED Equivalent Series Resistance:the 
current is not constant as in the Limiting region, 
but decreases proportionally to the Line resis- 
tance. 


This dependency allows the AGC operation on 
telephone side. 


Equivalent Voltage Generator: 
V = VBAT 
RFEED = RDC/10 + 2RP 
RDC/10 : synthesized DC resistance 
2RP : series of two protection resistors 


(Maximum Res. for Re- 
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3) Low Impedance Region. 
Line Resistance > RL2 


The synthesized DC resistance becomes very low 
and the DC feeding,seen at TIP and RING 
Pins,behaves as an ideal voltage generator. 

Seen at TIP and RING Terminals,a series resis- 
tance is added, due to protection resistors,con- 
nected between pin and terminal. 


Equivalent Voltage Generator: 
V = VBAT-12V 
RFEED = 2RP 


This region has been provided,not just for the low 
out impedance itself,but in order to have a 12V 
drop when Line Current is OmA: it is necessary 
condition to allow sufficient output swing in ON- 
HOOK Transmition. 


Varying with continuity the Line Resistance,from 
the Short to the Open Circuit,the three regions 
are passed through,without discontinuities of op- 
eration,changing from one to another. 

AC operation is not affected and the correct func- 
tionality is not corrupted at the corners. 


1.1.2 DC Feeding in Stand-by Mode. 

(DO=High, D1=High) 

In Stand-By mode,a constant current of 14mA is 
fed to the line (see Fig.2) up to the end of limiting 
region. 

Then, a 0Q impedance is shown at Tip and 
Ring output pins: the output impedance seen 
at Line-Card terminals is due to protection re- 
sistors Rp in series to the line. 


A Vdrop 7V is still present when [l=OmA. 


Figure 2: Line Current vs. Line Voltage 
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1.2 FORMULAS AND CALCULATION 


- Feed Current: IFEED = f (RL) 
Limiting ILIM 
Resistive VBAT/(RFEED+RL) 
Low Imp. (VBAT-12V)/(2RP+RL) 
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- Feed Resistance : 


The value is defined by an external resistor RDC 
according to the formula: 


RFEED = RDC/10 + 2RP 
RDC =10 - (RFEED - 2RP) 


- Maximum Line Resistance in Limiting region. 


IL = VBAT/(RFEED+RL) 
ILIM = VBAT(RFEED+RL1) 


RL1 = VBAT/ILIM - RFEED 


Known the R/Km of the wire,the formula give the 
max length of the line that can be feeded with 
constant current. 


- Maximum Line Resistance in Resistive region. 
At the corner Resistive-Low Imp. must be: 

IL = VBAT / (RFEED + RL) 

and 

IL = (VBAT-12) / (2RP + RL) --> 

VBAT / (RFEED+RL2) = (VBAT-12) / (2RP+RL2) 
developing: 

RL2 = [VBAT - (RFEED-2RP)/12] - RFEED 


Depending on values of ILIM, RFEED and RP the 
DC charcteristic of L303X shows different shapes: 
it can start with Limiting region and continue 
through Resistive and Low Impedance or start di- 
rectly with Resistive or start in Limiting and enter- 
ing directly to Low Impedance, without passing 
through the Resistive region. 


Following examples will clarify the subject: 
Example 1. 
VBAT=48V RFEED=900Q2 RP=50Q 


If ILIM= 56mA 
RL1=VBAT/ILIM - RFEED. 


RL1 = 48/(56E-3) -900 < 02 (DC char. starts in 
Resistive region) 


RL2 = [VBAT*(RFEED-2RP)/12] - RFEED. 
= [48 - (900-100)}/12 -900=23000 
IL2= VBAT(RFEED+RL2) 
= 48/(900+2300)=15mA 
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Example 2. 

VBAT=48V RFEED=400Q RP=60Q 
If ILIM=56mA 

RL1=48/(56E-3) -400=4570 

RL2=[48 - (400-120)]/12 -400=720Q 
IL2=48/(400+720)=42.85mA 


When ILIM=43mA or ILIM=25mA , as their value 
is <IL2=42.85mA or very closed to this value,the 
DC charactristics will directly change from Limita- 
tion to Low Impedance region. 


In this case: 

RL2=(VB-12)/ILIM -2RP 

If ILIM=43mA 
RL2=(48-12)/(43E-3) -120=720Q 
If ILIM=25mA 
RL2=(48-12)/(25E-3) -120=13202 


Given the Length of a Line and the Resistance 
per Km ,with the a.m. formulas the calculation of 
the operating point is immediate and also the defi- 
nition of the DC feeding parameters. 


1.3. SIGNALING 
- OFF/HOOK detection. 


When Stand-By or Active mode is set, the L303X 
monitors the status of the Line,forcing the output 
ODET (pin 18) of the Logic Interface as follow: 
ODET=HIGH  ON/HOOK 

LOW OFF/HOOK 
On the Line Card,when the controller detects 
ON-OFF/HOOK conditions it performs different 
operations, according to the status of the Slic: 


SLIC STATUS OPERATION 
Stand-by Forces L303X in Active mode 
when OFF/HOOK is detected 
Active before Monitors ODET for dialing 
conversation 
Active during Stops conversation when 
conversation ON/HOOK condition is 


detected, forcing the two Slics 
in Stand-By. 


The OFF/HOOK condition is detected by sensing 


If ILIM=43mA the Transversal DC current flowing from TIP to 
RL1= 48/(43E-3) 900=2162 RING ,Line drive outputs. 
RL2=-23002 When this current is higher than a threshold of 
L 10mA, ODET is forced Low; 0.5mA below that 
If ILIM=25mA threshold ODET returns High. 
RL1= 48/(25E-3) -900=10200 No low-pass filtering is provided: ODET output 
RL2=20000 has to follow in real time the status of the Line . 
3/22 
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Common Mode Current is not affecting the status 
of ODET. 


Note: in RINGING mode,ODET signals the RING- 
TRIP detection; the subject will be further de- 
scribed in §.6. 


- GND KEY detection. 


When a DC common mode current ILL [defined 
as ILL= (IB-IA)/2 with |A=current sourced from 
TIP and !B=current sunk into RING] is greater 
than 5mA, the Ground Key condition is detected 
and the output OGK (pin20) of Logic Interface is 
forced Low. 


As the Line,normally, can be coupled to Common 
Mode AC sources (Mains),in order to give immu- 
nity to GND KEY detection, a Low-Pass filtering is 
provided to the sensing circuit. 

For that purpose, the CRT capacitor connected 
between CRT (pini7) and AGND is used. 


The same capacitor and circuitry is used for RING 
TRIP detection (see § 6). 
Note: 
- OGK is not affected by the Transversal 
component. 


Figure 3. 


UTTX f 4B 


K«2.325 


- When TIP and RING have a DC conduction 
to GND with a Transversal component (IA 
# |IB]), the OFF/HOOK condition is also 
detected (ODET=Low). 


1.4 TIP OPEN MODE. 

In Tip Open mode , with GST (pin21) input High, 
TIP is set in High Impedance and RING only can 
drive the Line. 

RING output current capability is limited to 30mA. 
With Line open the output voltage is typically : 
VRING= VBAT + 4.5V = - 43.5V 


In L38037, GST also controls the Polarity Rever- 
sal: see control interface table in §4. 


2. AC PERFORMANCES. 


The complete AC model of L303X Slic appears in 
Fig.3. In this § ,as a tutorial chapter,we refer to 
the simplified model of Fig. 4, for the AC parame- 
ters calculation. 

In such a model the capacitors CCOMP (loop sta- 
bility) and CAC (separation of AC from DC com- 
ponent of Line current) are not considered. In 
speech band in fact CAC can be considered a 


M921 IOIS-14 
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Figure 4. 
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N92L 383S5-ISA 


short circuit and CCOMP an open circuit. The me- 
tering cancellation network RTTX and CTTX is 
also not considered. 


SPICE simulation will show their influence on the 
AC performances (see AN501). 


2.1 IMPEDANCE SYNTHESIS. 


L303X provides an active synthesis of AC output 
impedance real or complex: 


VOUT= 2 - VIN=2 - ZAC - IL/100 


ZTR=VOUTAL = ZAC/50 Equivalent Impedance at 
TIP-RING pins of the IC. 


Considering the protection resistors Rp,the im- 
pedance shown to the Line is: 


ZS= ZTR + 2Rp 


2.1.1 Examples (ZRL = Return Loss Test Imped- 
ance) 
a)ZRL =6002 
Rp=40Q 
ZS= ZTR + 2Rp = ZRL 
ZTR = 6000-80Q 
ZAC = 50- ZTR =26KQ 


b)ZRL =220Q + (82002//115nF) 
Rp=40Q 
ZS = ZTR + 2Rp = ZRAL 
ZTR = 2200 + (8200//115nF) - 80Q 
ZAC = 50 - ZTR= 7K + (41K//2.3nF) 


(GERMANY) 


c)ZL =900Q + 2.12uF 


(USA) 


In principle, ZAC should be calculated as fol- 


low: 

ZS = ZTR + 2Rp = ZRL 

ZTR = 900Q + 2.12uF - 1240 
ZAC = 50 - ZTR=38.8K + 42.4nF 


In fact this impedance cannot be used because, 
due to the internal chip architecture, the ZAC has 
to provide a DC path between pin 42 and pin 39 
and it is not possible with a capacitor in series. 


A different ZAC* has to be used and it must be 
insi (same ampli- 


equivalent inside the speech band 
tude and phase),in order to fulfill R.L. require- 


ments. 
The simplest network ZAC* that can replace the 


Figure 5. 
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original one is shown in fig. 5. 
Calculation of ZAC*: 

ZAC= R + C = 38.8K + 42.4nF 
ZAC(@)= (1+j/@RC)/jaC w= arf 


The Bode diagram (see Fig. 6 ) shows a Zero at: 
fz= 1/2nRC= 96.7 Hz 
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Figure 6. 
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ZAC* = R1 + (R2// C1) 
ZAC*(w)=(R1+jaC1R1R2+R2)/ (1+j@C1 R2) 
@ = 2rf 

The Bode diagram shows pole at 

fp*= 1/ (2nR2C1) 

and zero at 

{z* = (R1+R2)/ 2nC01R1R2 


Figure 7. 


4.5K 


t2ACKI 


988 
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fp* F2¥ 


From the conditions to be met : 
R1=R 

fz*= fz 

R1+R2= RT 

RT=225K 


(RT is the resistance between pin 39 and pin 42; 
its value is related to the max allowed offset due 
to the input leakage current) 


We obtain: 

Ri=R R1=38.8K 

R2= RT-R R2= 225K-38.8K= 186.2K 
Ci=C* RT/(RT-R) O©C1=51.2nF 


Note that fp*= 1/2nR2C1= 16.7Hz affects ZAC* 
at very low frequency,outside the speech band. 
Inside the band, ZAC* can be considered with 
same frequency response as ZAC. 
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2.2 RECEIVE GAIN. 
GRX= VL/VRX =2-[ZL/(ZL+ZS)] 
GRX =1 (OdB) if ZL=ZS 


2.3 TRANSMIT GAIN. 
GTX = VTX/VL_ (with VRX=0) 


VTX = (IL/ 100) - (ZAC+RS) 
= [(VL/ZS) / 100)] - (ZAC+RS) 


GTX = VTX/VL = (1/2) - [(ZAC + RS) / (ZS - 50)] 
= (1/2) -[(ZAC + RS) - (ZAC +50 - 2Rp)] 


GTX =1/2 (-6dB) if RS=50 -2Rp 


2.4 TRANSHYBRID LOSS. 

THL = VTX/VRX_ (with EG = 0) 

VTX = [VRX - (ZAC + RS) - IL / 100] - VRX - ZB/ 
(ZA+ZB) 


= [VRX - (ZAC + RS) - (VRX - GRX / ZL) / 100)] 
-VRX ZB/(ZA + ZB) 


and: 

THL = (ZL +2-RP-RS/50)/ (ZL +2-Rp + 
ZAC / 50) - ZB / (ZA + ZB) 

THL=ZL/(ZL+ZS) - ZB/(ZA+ZB) 

THL = 0 if ZB / (ZA + ZB) = ZL/ (ZL + ZS) 
ZA=K-ZS 

ZB=K-ZL 

In fact it is reccomended to use K = 50, same 
scaling factor of ZAC 

ZA =50-ZS=ZAC+RS 

ZB = 50- ZL 

The capacitor Ccomp has not been considered. 

In fact, when high THL performances are re- 
quired, Ccomp has to be taken in account. In that 


case the cancelling network of Fig 8A has to be 
used, where CH is the image of Ccomp. 


Figure 8A. 


ZA 
Pin 33 


aba 
AVI2LIBIS-39 


Where: 

ZA = 50-ZTR= ZAC 
RA =50-2Rp=RS 
ZB =50- ZL 

CH = Ccomp 
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NOTE: when ZL is the same specified in Gain 
and Return-Loss measurements, the cancelling 
network can be simplified as in Fig. 8B 


Figure 8B. 


Pin 39 Pin 31 


CH 


D94TLO89A as 


Where:RA = RB = 50 - |ZL| 

CH = Ccomp 
The component count is reduced and THL per- 
formances are, in many case, acceptable. 


Figure 9. 


1658 
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Figure 10. 
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2.4.1 Example 

ZA and ZB calculation for USA: 

ZL1 (fig. 9) and ZL2 (fig. 10) represent the two 
THL test networks. 

Rp = 62Q 

ZL1 = 1650 // (1002+ 5nF) Loaded Line 
ZL2 = 800Q // (100Q + 50nF) Unloaded Line 
ZA = ZAC = 38.8K // (186.2K + 51.2nF) 

RA = RS = 50 - 2Rp = 6.2K 

ZB1 = 50 - ZL1= 82.5K // (5K + 100pF) 

ZB2 = 50 - ZL2 = 40K // (5K + 1nF) 


2.5 AC SIGNAL SWING AND DC CHARAC- 
TERISTIC ADJUSTMENT. 


Quite often an optimization of the AC swing capa- 
bility of L803X when operating with very long lines 
or low battery voltages is requested. 


The following example will clarify about the sub- 
ject. Let’s calculate the output swing available in 
the condition: 


IL=21mA R-Loop = 6002 Rp=50Q VBAT=-24V 


1) First of all the DC Feeding characteristic (see 
Fig. 11) must be modified. 


To have the requested feeding current,the volt- 
age drop must be reduced from 12V to 9V. The 
DC characteristic is translated from (A) to (B) by 
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Figure 11. 
Vbat=48V; Rfeed*400o0hm; Rp*400hm 
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(") Vd=12V-{4 B5xVTTXdc} Vd=12V(") Vd=8V(") 


forcing at pin 40 a DC offset Voff: 
Voff = (12V - 9V) / 4.65 = 645mV (see fig. 3) 


With IL = 21mA the Slic operates in the DC Low 
Impedance region. 


2) AC swing. 


Figure 12. 


Fig. 12 shows a simplified schematic diagram of 
TIP output stage. 


The DC voltage on TIP output is: 
VTdce = -(9V - 1.7V) / 2= -3.65V 


where QV is the total voltage drop referred to the 
battery voltage (after a.m. modification of DC 
characteristic) and 1.7V is the VCE of external 
transistor in the resistive region. 


Considering the circuit in Fig. 12 the maximum 
voltage that TIP can reach is: 


VTmax = -(200mV + VSAT + VBE + 5000 - IL/Hfe 
+ VBE) 


= -(200 + 100 + 700 + 100 + 700)mV 


= -1.8V 
Therefore the max AC peak we can get is: 
VTpk = 3.65V - 1.8V = 1.85V 


The same,in the opposite direction, is for RING 
output. So the peak voltage between TIP and 
RING available is: 


VTRpk = 3.7V 
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This level is available at IC pins; at line terminals 
a lower value,due to protection resistors Rp,must 
be considered: 


suppose ZL = 600Q 


VLpk = VTRpk - [ZL / (ZL+2Rp)] = 4.0V - [600 / 
(600+100)] = 3.2V 


3. METERING PULSE INJECTION. 


L303X provides an input (TTXIN pin 40) for Tele- 
Tax metering pulse injection. In §2.5 you can see 
how this pin can be used also for DC charac- 
teristic adjustment. 


Typically the metering pulse is a 12KHz or 16KHz 
sinusoidal burst, with shaped start and stop, in or- 
der to minimize the interference in the phonic 
band. 

In order to reduce the echo on TX stage and 
achieve a low output impedance, the cancellation 
network Zttx = Rttx + Cttx is provided in the 4 wire 
transmission path. 


Figure 13. 


When Zttx matches the line impedance 21 (at 
TTX frequency) the echo is minimized and the 
output impedance, is 2RP (due to protection re- 
sistors only). 

Mismatching imply an increase of echo and out- 
put impedance 


Fig. 13 and Fig. 14 show the equivalent model 
concerning the injection and cancellation of me- 
tering signal 
Calculation of the cancellation network: 
VI = 2K - (1-G) - [(Zac + Rs) / Zac] - Vttx 
where: G =[1 + Zac/K- Zttx]/ {1 + Zac/[(Zl + 
+ 2Rp) - 50]} 
and K=2.3 
the target is: Vtx = 0 
thatmeans:G=1 = ----> Zttx = 50 (Zl + 2Rp)/K 


Note: higher attenuation of the TTX echo can be 
achieved; the simplest way is Low-Pass filtering 
the TX signal. 


Figure 14. 


TTRIN 
uTTx f 48 


RX 
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4. REVERSE POLARITY (L3037 only) 


L3037 version provides the Reverse Polarity 
mode, selected by the control interface combina- 
tion: 


rREREW 
oo BY R.P. 
ACTIVE R.P. 


Reverse Polarity is not available in Ringing mode 


AC characteristics are not affected; only the po- 
larity of the DC voltage between Tip and Ring is 
reversed. 

A linear shaped transition, see following figure, 
which dV/dT is defined by the capacitor CREV 
connected between the pin CREV and AGND, 
highly reduces the crosstalk level compared to a 
step reversal. 


VTIP VRING 


VRING VTIP 
The CREV capacitance, depending on the dV/dT 
value, is given by the formula: 
CREV = K/ (dV /,0T) 
where k=2-10 * (+ 10%) 
NOTE: when the R.P. feature is not used, CREV 
pin must be grounded to AGND. 


5. LONGITUDINAL BALANCE. 


9.1 TRANSVERSAL TO LONGITUDINAL CON- 
VERSION (T/L). 


The transversal to longitudinal conversion ratio is 
defined in this way: 

Tle = 20-log (Vx/ VI) as shown in fig. 15 

The ratio Vx / Vrx is indipendent from the AC 
feedback, in fact it depends from the line signal 
and it doesn‘t take in account the absolute value 
of line voltage. This ratio depends on the match- 
ing of the output amplifiers gain K1 and K2 and 
on the mismatch of the protection resistors. 

The Tick due to the mismatch of the of the output 
amplifiers gain can be computed as follows: 


Vx =V-(K1 -K2)/2 


R 
R+Rp 


Tick = 20-log(Vx / VI) = 20 oof 


VI =(K1 —K2)- 


Ki+K2 Rp+R (1) 
K1-K2 2R 

The Tice due to mismatch of the external protec- 
tion resistors is : 


E-Rp 


Tice = 20 - log oR (2) 


APPLICATION NOTE 


Where E is the mismatch between Rp1 and Rp2 
Rp1 = Rp(1- £) and Rp2 = Rp(i + E) 


The complete formula of the transversal to longi- 
tudinal conversion is: 


ae 20100 +K2 Rp+R_E- | (3) 


Ki-K2 2R ” oR 


Note: 

When the SLIC is in current limiting the unbal- 
anced DC path provides an additional contribu- 
tion. In that case the transversal to longitudinal 
conversion becomes: 


e aa Rp+R Rp ,, Xe Greg 
Memeo Ki-k2 2h + 2R "' 2R' 200 


(4) 


Where: Greg = 14 
Xc = 1/ (2-1 -f - Cac) 
Figure 15: Transversal to longitudinal conversion. 
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5.2 LONGITUDINAL TO TRANSVERSAL CON- 
VERSION (L/T) 


The longitudinal to transversal conversion ratio is 
defined as: 


Ltc= 20lo Vin |28 shown in fig. 16. 


K-(1+2)+h-. 
2 


where: /f= ; Zac=Zs—2Rp 


The transversal current value, It, depends on the 
precision reached by the current mirror circuit and 
on the mismatch of the two protection resistors. 
The "Ltc"due to the mismatch of the internal cir- 
cuit (K) is: 

Zac Rt 


nie eu g Rt+ Rp Rt+ Rp + Zac/2) 


The "Ltc"due to mismatch of the external protec- 
tion resistors is: 


Rt 


_ Seg 
et ONE ai. Ro’ Rt+ Rp+ Zac/2’ 


Where E is the mismatch between Rp1 and Rp2 
Rpt =Rp-(1+E) Ro2=Rp.- (1-E) 
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Figure 16: Longitudinal to transversal conversion 
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Therefore the complete formula is: 


K-Zac- Rt+2E-Rp- Rt 
cee 20 Rt+ Rp)-(Rt+ Ro+ zs | (4) 


K < 1.75 E -3 for L8036 

K < 0.75 E -3 for L8035 

Example: 

L3036 Rp = 40Q 1% tolerance (E = 0.01), Zac = 
520Q, Rt = 3000 

Assuming worst case for L8036 K = 1.75 E- 3 


from the (4) 
273+ 240 
Ltc = 20log 304E3. = —52dB 


6. RINGING. 

With L303X an external ringing generator that in- 

jects the signal in the line through a relay is 

needed. 

The Slic provides: 

- Drive relay capability 

- Activation/Deactivation of relay, syncronous with 
zero-crossing of ringing signal. 

- Ring-Trip detection 

L303X enters Ringing-Mode with the control in- 

puts: 

DO=LOW Di1= HIGH 

When the ringing relay is activated REL (pin26) is 

forced Low and TIP and RING output stage be- 

come voltage generators, with current limitation, 

able to source and sink the line current injected 

by the external ring generator.This current,inter- 


nally processed,allow the Slic to detect the status 
of the line (ON-OFF/HOOK). 


6.1 RINGING INJECTION. 


Different ways to inject the ringing signal are pos- 
sible: 
a)Battery backed (see Fig. 17) 
The ring generator has one terminal con- 
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nected to the battery. TIP current only is 
sensed for Ring-Trip detection. 


b)Earth referred (see Fig. 18) 
Dual configuration of a). The ring generator 
has one terminal connected to GND. RING 
current only is sensed for Ring-Trip detection. 


c)Balanced (see Fig. 19). 
The ringing signals injected on TRIP and RING 
wires are in phase opposition. SLIC terminals 
are disconnected from the line: Ring-Trip de- 
tection is obtained from additional hardware. 


§ 6.4 will describe the subject. 
Figure 17. 
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Figure 18. 
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6.2 RING-TRIP DETECTION. 


Ring-Trip condition is detected by sensing the 
currents Itip and Iring (see Fig. 20) 


It = (Itip + Iring)/2 
When the DC component of It >5mA the Ring-Trip 
condition is detected and L303X reacts: 
- deactivating the ringing relay :REL (pin26) 
forced High 
- forcing ODET (pin18) at Low level 
(OFF/HOOK). 


REL and ODET are latched and do not change 
opening the current loop. To leave this status Ac- 
tive Mode (DO=High Di= Low) has to be entered 
or in general, change status. Although the Ring- 
Trip detection uses ODET to signal the status of 
the line, there is a substantial difference respect 
to the ON-OFF/HOOK detection in Stand-By and 
Active mode. 

In Ring-Mode and ON-HOOK condition an AC 
current is present in line: the Ring-Trip detection 
must ignore it and be dependent on the presence 
of a DC component only. The Ring-Trip detector 
reject the AC component by integrating the line 
current. 

The detection threshold can be reached only if Il 
has a DC component. The consequence is that 
the response is not immediate (as in Stand-By or 
Active) but takes some delay time that is dipen- 
dent on the DC current value (i.e. line length). 

AC rejection and delay time depends on capacitor 
CRT (Ring-Trip Capacitor) connected between 
pint7 and GND. 


APPLICATION NOTE 


Figure 20. 


L3835/36 


[1921 3BIS- 3B 


6.2.1 CRT calculation. 


Referring to the battery backed case,the Ring- 
Trip is detected by integration the line current 
(sensed on Tip wire) on the CRT capacitor. 


When the voltage on the capacitor exceedes 
2.5V,the Ring-Trip is detected (see Fig. 21) 


Figure 21. 
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CRT should be selected in order to avoid that dur- 
ing one half sinewave cycle, in On/Hook,its volt- 
age Vcrt exceeds +2.5V ( Ring-Trip Threshold). 


Fig. 22 shows the correspondence between the 
CRT charging current Icrt and the line current IL. 


In Fig. 23 and Fig. 24 are reported the Line cur- 
rent and the CRT charging current Icrt, referred to 
the case: 


Line Length = 1Km Load = 2 REN Freq.= 25 Hz 
Vring = 60Vrms 

suppose CRT charged during one half-cycle with 
Icrt =100A, its value must be: 


CRT(100nA - 20ms) / 5V = 400nF 


Of course this is a worst case, supposing IL > 
20mA for the whole half-sinewave. An optimized 
value will be lower and be calculated considering 
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the IL in the worst condition: . 
maximum REN#, shortest loop,maximum ring 
level. 


Figure 22. 
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Figure 23. 
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Figure 24. 
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6.3 RELAY DRIVE SYNCHRONIZATION. 


L303X provides the possibility to synchronize the 
activation and deactivation of the relay with the 
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zero-crossing of the ringing signal. 

The synchronization improves the reliability of re- 
lay and reduces the level of interferences in- 
duced in the adiacent lines. 


The synchronization is locked to the zero-cross- 
ing of the voltage signal at RGIN input (pin15) 
(see Fig. 25). 


The current flowing in RGIN input has a positive 
phase respect to SYNC sinusoidal voltage,due to 
the RC impedance (RRG and CRG) in series. 
The zero-cross at RGIN anticipates the SYNC 
zero-cross with the possibility to compensate the 
activation time of the relay. 

Depending on the signal used as SYNC, three 
possibilities of synchronization can be consid- 
ered: (we refer to the battery backed solution but 
the concept is general) 


Figure 25. 
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1) Line Voltage Synchronization (see Fig. 26): 
SYNC = Ringing Generator Voltage 


Activation and deactivation of relay happen at 
ZERO VOLTAGE condition. 


RRG = (Vring / 251A) - cos(2 Fring - T 180°) 
CRG = 25nA / [Vring - sin(2 Fring - T 180°) - 
2nFring] 


T = Relay response time 
Fring= Ringing Frequency 


2) Line Current Synchronization (see Fig. 27): 


SYNC = Voltage drop on Tip side (image of the 
Line Current) 


Activation of relay is not synchronized : before ac- 
tivation the synchronizing signal is disconnected. 
Activation happen immediately after L803X enter 
in Ringing Mode (DO = Low D1 = High) 


Deactivation happens at ZERO CURRENT condi- 
tion. 


RRGC = RRG/ K 
CRGC = CRG.- K 
where: K= |ZR] / RT 
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Figure 26. 


, Figure 27. 
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Figure 28. 
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3) Voltage and Current Syncronization (see 
Fig.28): 


Activation takes place at ZERO VOLTAGE condi- 
tion and deactivation happens at ZERO CUR- 
RENT condition. 


RRGC = RRG/ K 
CRGC = CRG -K 
where: K = |ZR|/ RT 


6.4 BALANCED RINGING: Ring-Trip detection. 
6.4.1 General information. 


Although specifically designed for unbalanced 
Ringing injection, L803X can be adapted, with ad- 
ditional hardware, in order to manage the Ring- 
Trip detection with balanced injection. 


Figure 29: Shows the Basic Equivalent Circuit 
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When the Line current is positive the switch $1 is 
On and S2 Off and the capacitor CRT is charged 
through the pull-up resistor R1. When the Line 
current is negative $1 is Off and S2 On,and CRT 
is discharged through the pull-down resistor R2. 


The internal current generator,at pin 17 (CRT) of 
L303X,sinks a current lof of about 15yA to pro- 
duce a negative voltage offset on CRT capacitor. 
When IL=0, both S1 and S2 are off,and the cur- 
rent generator forces CRT at a negative level that 
is clamped at -3V. 


The voltage Vert(t) is a periodic waveform (see 
Fig.30) with exponentially shaped edges,that 
swings between a maximum (Vertp) and a mini- 
mum (Vcrtn) peaks that depend on Vcc, Vss, R1, 
R2, T1, T2 and lof. 

In On-Hook,T1=T2=T,and Vert must stay below a 
threshold Vth=2.5V to prevent Ring-Trip detec- 
tion. 

In Off-Hook, 11 > T2, Vert drifts up and Vcrtp must 
exceed Vth = 2.5V in order that L3803X will detect 
a Ring-Trip. 
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Figure 30. 


6.4.2.Calculation. 


An approach is now given in order to properly cal- 
culate the value of R1,R2 and CRT that are func- 
tions of: 


Battery Voltage VBAT 

Positive Voltage Vcc 

Negative Voltage Vss 

Ringing Level Vrng 

Ringing Frequency Frng 

To make the calculation easy let’s refer to the 
particular case: 


Vcc =-Vss=V and Ri=R2=R 


Basically CRT and R are calculated through a 
successive approximation procedure that devel- 
ops in three steps . 


Step 1: suppose lof=0 ,define a time constant 
R - CRT in order to have Vert with a 
peak value VM= V/2 (one half of the 
voltage swing available) 

It corresponds to a condition half way 
between a very short and a very long 
time-constant 


In case of very short time-constant Vert 
would be a square wave,reaching the 
maximum level available, producing a 
ring-trip detection anyway,regardless to 
the Hook status:it’s a condition to be 
absolutely avoided. 


In case of very long time-constant,Vert 
will be a continous level (due to the 
heavy low-pass filtering on ringing 
frequency) depending on the hook 
status. Ring-Trip detection should be 
possible but the detection time will be 
too long. 


If T1 is the time duration of positive half wave and 
T2 of the negative,and given: 


Ki=-T1/RC and K2= -T2/RC 
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the positive and negative peaks of Vcrt, VM and were: 


Vm are given by: 
a) VM= V- [1-2e8! 4 el t+K2) 714 (K1 +k) 
b) Vm= -V - [1-2e%? 4 eft) 7 [4 -e (KI +K2)) 
In On-Hook: T1 = T2 = T and K1=K2=K 
and the formulas are simplified: 
c) VM= V- [1-e9 /[1+e"4 
d) Vm = -V - [1-e%} /[1+e"] =-VM 
From c) comes the value of K: 
K = Ln[(V-VM) / (V+VM)] 


Given the ringing frequency and fixed a CRT 
value comes the first approximation value of R: 


R =- TK - CRT) 


Step 2: lofis now taken in account. 
The influence of lof is to add a 
negative DC offset on Vcrt waveform 
(in step 1 has been considered the AC 
component) wich value is: 


VDC =-R.: lof 


1y: 


The real peak voltage of Vert is: 

Vertp = VM -R - lof 

In On-Hook, to avoid ring-trip detection 
we have to meet the condition (with 
0.5V of margin): 


Vertp < Vth - 0.5V = 2.0V 2): 


If the condition is not satisfied CRT 
value and R value must be modified: 
to reduce Vcrtp must be reduced CRT 
and increased R (the contrary to 
increase it). 


Besides, the internal Ring-Trip circuit 

of L303X needs, to detect a Ring-Trip, 

that a negative level of -3.0V has been 
previously present on CRT pin. 3): 
The condition is met if: 

Vcrin = Vm - R- lof =-VM - R- lof <-3V 

If the condition is not met, Vertn can 

be reduced increasing R and reducing 

CRT. 


Step 3: Ring-Trip detection: 
in Off-Hook the presence of a DC 
component in the’ line current 
increases the time duration T1 and 
decreases 172 according to the 
formulas: 


(Vbat / V2. Vrng) 


+(2/n) | sin I] 
- (Vbat / V2 Vrng)|] = 2T-T1 


-1 
(2/r) | sin” 


Ky sss: omson 


Example. 
Given: 


APPLICATION NOTE 


Vbat = battery voltage 

Vrng = rms value of ringing voltage 

T = 1/(2 - Frng) half period of the 
ringing signal 

The value of VM calculated from 

formula a) gives the peak value of Vert 

in Off-Hook,that has to meet the 

condition: 


Vertp = VM - R-lof > Vth+0.5V= 3.0V 


in order to guarantee a ring trip 
detection (with a margin of 0.5V). 

If the condition is not met,the wanted 
limit can be reached with a grater VM 
value :in that case a lower time 
constant must be adopted. 


Fmg = 50Hz |VBAT] = 48V Vmg = 60Vms 
Vec = -Vss = V = 5V 


K = Ln[(V-VM) / (V+VM)] = 
= Ln[(5-2.5) / (5+2.5) = -1.1 


choosen a CRT=220nF 

R = -T / (CRT-K)= 10ms / 220nF-1.1 = 
41.4KQ 

(R = 48K2 will be next considered). 


The negative offset is: 

Vde =-R- lof = -43KQ - 15yA= -645mV 
and the positive and negative peak 
value in On-Hook: 


Vertp = VM + Vdc = 2.5 - 0.645 = 1.85V 
Vertn = Vm + Vdc = -2.5 - 0.645 = -3.15V 


The values meet the conditions: 


Vertp < 2.0V and Vertn < -3.15V. 


Off-Hook condition: 

Ti =T-[t+ (2/n)sin," (Vbat / Vrng) = 
= 10ms (1 + 0.64 sin’ (48 / 85) = 

= 10ms - 1.38 = 13.8ms 

T2 =2T-1T1=20- 13.8 = 6.2ms 

K1 =T1/R-CRT =13.8/9.46 = -1.46 
K2 =T2/R-CRT =6.2/9.46 = -0.66 
from a): VM=5.- ape geese eee) 


/ (1 ~e( 1.46-0.66) _ 3 69V 
Vertp = VM - Vdc = 3.69 - 0.645 = 3.05V 


Also this parameter fulfils the 
requirement for ring trip detection: 
Vertp > 3.0V 
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Note: in case of iteration,to easily reach the solu- 
tion,two concepts have to be kept in mind: 
- fixed a time constant,the negative DC offset 
increases with the R value. 


- fixed an R value,reducing the time constant in- 
creases the peak to peak value of the AC 
component of Vcrt. 


6.4.3 Applicative solutions. 


1) Fig. 31 shows the simplest solution in 
terms of components count. The current of 
the Line, wich is insulated form the Slic, is 
sensed through a dual optocoupler. 


Figure 31. 


Figure 32. 
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The ringing current is sensed by the LEDs 
and a push-pull structure to charge and 
discharge the capacitor is made up with 
the foto-transistors. 


When the line current is positive LED1 switches 
on FT1 charging the capacitor CRT ; when nega- 
tive, LED2 switches on FT2 , discharging CRT. 
The calculation in 6.4.2) can be directly ap- 
plied;only the VCEsat of FT1 and FT2 has to be 
taken in account as Vcc and Vss reduction. 

2) Fig. 32 and Fig. 33 show a not insulated 
solution that, although requiring higher 
component count,features high rejection to 
the longitudinal current. 
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Figure 33: Balanced Ring Trip Detector 2. CRT Push Pull. 
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The bridge structure, R1/R2 and R3/R4,rejects 
the balanced AC voltage of the ringing generator 
at the nodes A and B,that are biased with a com- 
mon mode DC voltage VA = VB = Vbat/2. 

The differential voltage VAB= RR*lring,is depend- 
ing on transversal current only. 

According to the direction of the Line current the 
transistors T1-T2 or T3-T4 charge or discharge 
the capacitor CRT. 


In absence of ringing current the push-pull struc- 
ture remains tri-state. 


A and B nodes are biased at Vbat/2 and the 
negative supply of the push-pull is Vbat. 


Procedure in 6.4.2) can be used again: 


calculate CRT and R as though Vbat = -Vcc; then 
R’ value is obtained by multiplying R by the factor 
Vbat / Vcc: R’ =R.- (Vbat/ Vcc). 


It’s a first approximation value and in general a fi- 
nal adjustement is needed. 


Figure 34. 


RRe=Iring ap 


D94TLO85A 


e 
VBAT/2 


(TO CRT) 


In order to minimize the power dissipation, R1 R2 
R3 R4 must be high value resistors, compatibly 
with the capability to drive the push-pull. 


Example. 

For calculation assume: 

- hfe > 100 for Ti and T3 (linear operation) 
hfe = 10 for T2 and T4 (saturated operation) 


- R5 = R6 = 300KQ to maintain T2 and T4 in Off 
condition 


- RR = 220Q depending on the maximum ringing 
current allowed in case of short 
circuit. 


-Ith = 10mA minimum current sensed;below this 
threshold the push-pull remains 
tri-state. 


Let’s consider the CRT charging cycle; the 
equivalent circuit is shown in Fig. 34: 
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were: Rb= R1//R2 and Re =R3//R4 

Ic2 = (Vcc - Vce)/ R = (5.0-0.2)/43 =112uA 
Ib2 = Ic2/hfe=112/10=11pnA 

IR5 = Vbe / R5 = 0.7 / 300 = 2uA 

Ici= Ib2 + IR5=11+2=13nA 


VABmin = RR - Ith = 220Q -10mA =2.2V 
disregarding the very low voltage drop on Rb: 


VABmin = Vbe + (Re - Ic1) 
and Re < (VABmin-Vbe)/ic1 

Re < (2.2 -0.7) / 13nA = 115KQ 
R2 = R3 = 2- Re < 230KQ 
Considering that in Rb flows a very low base cur- 
rent, R1 and R2 can be defined with higher value 
than R3 and Ré4. 
The condition limiting the value is that the voltage 
drop Rb - Ib must be negligible respect to Re - le. 
Rb =2-Re 
can be used as a rule of thumb formula. 
R1=R2=2-Rb=4- Re <460KQ 
With the calculated values the power dissipated 
by the bridge in stand-by condition is: 
PWB = PW12 + PW34 = Vbat*/ (R1 + R2) + 
+ Vbat? / (R3+R4) = 2.5mW + 5.4mW = 7.9mW 
Lower limit of the bridge resistance is defined by 
the maximum power dissipation PWBmax allowed. 
R1 =R2 (3/2) - (Vbat? / PWBmax) 
R3 = R4 (3/4) - (Vbat? / PWBmax) 


7. POWER CONSUMPTION AND DISSIPATION. 


In order to optimize the power consumption and 
consequentely the thermal dissipation, L303X Slic 
provides a regulation of the negative voltage 
VREG, with a series external transistor (see Fig. 
35). This transistor, in addition to the VBAT ripple 
rejection, performs the basic function of sharing 
the power dissipation, reduces the amount due to 
the Slic and avoids, in most cases, the use of 
heat-sinks. 
The power share depends on: 

1)Rfeed (equivalent feeding resistance) 

2)Line Resistance: that defines the operation 

point in the DC characteristic. 

Fig. 36 and Fig. 37 show the power dissipation of 
Slic and ext. transistor as a function of the load 
(line resistance) for two DC feeding values: 
Rfeed = 400 and Rfeed = 800Q. 
For a better understanding, some remarks have 
to be done. Referring to the DC characteristic: 

1)In resistive region (Il < llim) the transistor has 


Figure 35. 


a VCE = 1.7V indipendent from Il value. In 
that region the transistor dissipation is: 


Ptr= VCE -Ic 

It is very low (low VCE and low Ic) 
Increasing the line current Ptr increases propor- 
tionally but much less than the Slic dissipation 
Psl. 
In resistive region the thermal contribution of 
the transistor is not important. 
The function of the transistor is only the rejec- 
tion of the ripple on Vbat. 


2)Once the limiting region is reached Il=llim,the 
transistor acts as a current regulator. 
As RL decreases VCE increases, with the re- 
sult that Ptr increases and Psl decreases. 


In other words this kind of regulation provides 
the Slic of a variable battery that adapts its 
voltage to the length of the line; the exceed- 
ing voltage drops on the external transistor. 


As shown in Fig. 36 and Fig. 37 the Slic has the 
maximum dissipation at the limit of the two oper- 
ating regions. 

In this condition we have Il = llim and maximum 
voltage Vip between TIP and RING. 

With lower line resistance II remains constant but 
Vtp decreases and, consequentely, the dissipa- 
tion. 

For the transistor the maximum dissipation corre- 
sponds to a short-circuit on the line. In such a 
condition we have I] = llim and maximum VCE on 
the transistor. 


The worst case dissipation values depend on the 
value of the feeding resistance Rfeed. 


At higher Rfeed values correspond higher Psl and 
lower Ptr values. 
From the diagrams we can see for ILim = 43mA 


1) Rfeed = 400Q Psl=700 mW Ptr= 1500mW 
2) Rfeed = 8000 Ps! = 1400mW Ptr= 800mW 
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This point is important and has to be considered 
for proper definition of on-board heat-sink copper 
area and transistor choice (Rth). 


Figure 36: Power Dissipation/1 
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Figure 37: Power Dissipation/2 
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7.1 PACKAGE. 


L303X is assembled in PLCC(844+10) 

Ten pins, pini0 to pini4 and pin32 to pin36, are 
an extension of the frame and give a good contri- 
bution to heat dissipation when soldered to an on- 
board heat-sink. 


Fig. 38 and Fig.39 show the diagrams: 
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Figure 38: PLCC 34+5+5 - Rth(j-a) on PCB vs 
PCB heat sink. 
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Figure 39: PLCC 34+5+5 - Rth (j-a) vs. air flow. 
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ex1: flim =25mA, Rfeed = 800Q, Tamb = 50°C 
Pd = 580mW 
Supposing no heat sink on PCB and no air flow: 


Rthj-a = 45°C/W ---> Tj = 50+45 - 0.58 = 
= 50+26 = 76°C 
ex2: Ilim = 43mA, Rfeed = 8000, Tamb = 50°C 
Pd = 1480mW 
Supposing | = 1cm heat sink on PCB and no air 
flow: 


Tthj-a = 36°C/W ---> Tj = 50+36 - 0.58 = 103°C 
Supposing | = 1cm heat sink on PCB and 0.5m/s 
air flow: 

Rthj-a = 27.5°C/W ---> Tj = 50+27.5 - 1.48 = 90.7°C 


ex3: [lim = 56mA, Rfeed = 400Q, Tamb = 50°C 
Pd = 1200mW 
Supposing | = 1cm heat sink on PCB and no air 
flow: 
Tthj-a = 36°C/W ---> Tj = 50+36 - 1.20 = 93°C 
Supposing | = 1cm heat sink on PCB and 0.5m/s 
air flow: 


Rthj-a = 27.5°C/W ---> Tj = 50+27.5 - 1.20 = 83°C 
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8. OVERVOLTAGE PROTECTIONS. 
8.1 LIGHTNING PROTECTIONS. 


The protection against lightning is obtained sup- 
pressing to GND the surges, positive and nega- 
tive, by a transient voltage suppressor TVS, di- 
rectly connected to TIP and RING pins of L803X 
(see Fig. 40). 


Positive surges are suppressed to GND by a 
clamping Diode and negative are suppressed to 
GND by a Thyristor. 


The protection IC suggested, is a single chip dual 
suppressor, programmable type: Thyristor starts 
coducting when the voltage on the wire (TIP or 
RING) goes below the potential of the GATE. 

In the application the GATE in connected to 
VBAT. 

The thyristor is switched-on when the current 
reach the firing threshold. 

The structure and electric characteristics is ac- 
cording to Fig. 41 and 42. 


To meet different assembly needs it’s available in 
three different plastic packages: 


LOP150S SIP-4 
LOP1511 SO-8 
LOP1512 MINIDIP 


Refer to LCP15XX Data-Sheets for more detailed 
information. 


Figure 40. 


L3035/36 
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Figure 41. 


MSZL IEIS- 45 
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Figure 42. 
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8.1.1 Note. 


During positive or negative surges the current 
flowing through the suppressor is mainly limited 
by the two RP resistors that dissipate most of the 
surge energy . 


Suggested RP type are 2W wire wound resistors 
or thick film resistors on ceramic substrate. 


8.2 POWER-CROSS PROTECTION. 


In case of power-cross a long time overvoltage, 
continous or intermittent, is applied to the line. 


Specific protection has to be provided: lightning 
protection can absorbe fast transients only and a 
long duration event like a power-cross will burn it 
out. 


Typically two different solutions can be adopted: 


1) Fuse: 
in series to each wire is provided a fuse 
that opens when the current exceeds a 
certain value. 
Besides a proper fusing current, a suffi- 
cientaly long thermal time-constant is re- 
quired, in order to withstand lightings; on 
the contrary, maintenance intervention will 
Statistically increase. ; 
Typically it's a metal strip that take place 
on the same ceramic substrate of the pro- 
tetction resistors. 


In this case the feedback for PTCs mismatch 
compensation is not necessary. 

STIP (Pin 8) can be directly connected to TIP (Pin 
9) and SRING (Pin 16) to RING (Pin 15) see Fig. 
43. 
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Figure 42. 


2) PTC: 
another solution widely adopted is to put 
PTCs in series to the line wires. 
In case of high current injection when the 
PTC, after a thermal transient, reaches a 
sufficiently high temperature (tripped state) 
its resistance highly increases limiting the 
injected current, preventing the damage of 
the Slic and lightning protection. 


The value of the resistance in trip condition de- 
pends on the overvoltage level. 
Under power-cross condition the injected power is 
mainly dissipated by the PTCs. 


PTCs have not to trip in the operating current 
range of the Slic and in tripped state the dissipa- 
tion of the Slic and TVS has to stay below the 
maximum allowed. 


An aspect to be considered is the transient time. 
During the transient, before the trip condition, the 
power is mainly dissipated inside the Slic and 
TVS. 


The temperature of Slic and TVS increases till the 
tripped state is reached and its maximum value is 
related to the ratio of the time-constants. 

lf the transient takes too long, Slic and TVS can 
be damaged before the tripped state is reached. 
As a general rule the PTC has to be the fastest. 
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To evaluate power dissipation in the Slic and pro- 
tection, before the PTCs trip consider that: 
1)Slic: TIP and RING can sink or source a 
maximum current of 100mA; exceeding cur- 
rent flows through the protection IC. 


2)Protection IC: when the positive half-wave 
goes over GND the overcurrent flows through 
the clamping diode and the power dissipation 
is PD =1- VF. 
When the negative half-wave goes below 
VBAT the current flows through SCR not yet 
fired the dissipation is at the maximum level : 
PD=|- Vsg}. 
When the current reaches the firing threshold 
the power dissipation becomes: PD = | - Vt. 


8.3 CONCLUSIONS 


Fig. 43 and 44 shows the typical configuration for 
L303X SLIC protection with fuse or PTC, solution 
used in fig.43 can be used also replacing fuse 
with PTC, but in this case the PTC mismatch is 
not compensated, therefore the longitudinal bal- 
ance performance of the application will depends 
on the PTC matching value. 

Refer to device datasheet for the components 
value. 
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Figure 43: Typical Application Circuit with Fuse 
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Figure 44: Typical Application Circuit with PTC 
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MAXIMUM LOOP RESISTANCE ANALYSIS 


1. INTRODUCTION 


This evaluation was carried out in order to evaluate 
the maximum loop resistance allowed using the 
SLIC KIT L3000N/L3092. 


The evaluation is performed in conversation mode 
; it shows how the maximum loop resistance (RI) is 
influenced by the battery voltage (Vb), the feeding 
resistance (Rfs) and the common mode current 
(lcm). 


Figure 1 : SLIC Characteristic and Load Curve. 


N88L3IB98-85 


are : 

1 = llim 

Vi1 = 5 + (100+RI)xilim (1) 
Note : The slope of region (2) is 2xRfs where the 
feeding resistor Rfs is fixed by an external resistor. 


If the operating point is on region (2) you can find its 
coordinates solving the system of two equations : 


1) VI = (Vb-Vdr)-2xRfsxil 
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2. MAXIMUM LOOP RESISTANCE EVALU- 
ATION 


In fig. 1 you can see the L3000N + L3092 DC char- 
acteristic and the load curve. The load curve is ob- 
tained as the series of the loop resistance (Rl) and 
the sub-scriber telephone set. The subscriber tele- 
phone setis represented as the series of a 100Q re- 
sistor and a 5V zener diode. 


if the operating point is on region (1) its coordinates 


V1l=5+(166+R1)*I1 
po rena iE Seat Maa Boat te 


Ul=(Ub-Udr)-2*kRfskI 1 


A 


2) Vi = 5+(100+RI)xIil 

obtaining : 

2 = (Vb-Vdr-5)/(100+RIl+2*Rfs) 

Vl2 = 5+(100+RI)x(Vb-Vdr-5)/(100+Rl+2xRfs) (2) 
If you consider the DC characteristic of the device 
you can see that the longer is the line the lower is 


the voltage drop between the battery voltage (Vb) 
and the line voltage (VI). It can happens that for very 
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long line the voltage drop is not large enough to 
guarantee the fully AC performance of the device. 
In such condition the device is still working, but large 
signal can appear slightly distorted on the line. If you 
want guarantee the optimum behavior of the device 
you must be sure that the operating point of the de- 
vice (Il, VI) satisfy the following condition : 

Vis Vb-Vd 


with Vd=5+1 OOx!l+60xll+2+Vdcm 


where : 
5: internal drop 


100xIl: drop on sensing resistors (2x50Q 
max) 


60xil : drop on external resistors (2x30Q) 
2: maximum AC signal peak 


Vdem : (=100xlcm) drop for common mode 
current (lcm) 


You can obtain the maximum value for RI (maximum 
loop length) imposing : 


VI = Vb-Vd 


If the operating point is on region (1) solving the 
equation Vi1=Vb-Vd where VI1 is given by the rela- 
tion (1) you obtain : 


Rimax= (Vb-12-260xllim-100xlcm)/Ilim (3) 


If the operating point is on region (2) solving the 
equation Vi2=Vb-Vd where VI2 is given by the rela- 
tion (2) you obtain : 


Rimax = ((100+2xRfs)x(Vb-12-100xlcm)-260x(Vb- 
Vdr-5))/(7-Vdr+100xicm) 


In the following you can find graphical repre- 
sentations of Rlmax versus Icm in four different situ- 
ations : 


3. CONCLUSION 


The above relations show the possibility to work with 
good performances also in presence of common 
mode current. With a battery voltage of 48V, Rfs = 
200Q and no common mode current, the maximum 
loop resistance is over 3KQ ; in the same condition 
but with a common mode current of 20mA the maxi- 
mum loop resistance is about 2KQ. Higher loop re- 
sistance can be obtained increasing Rfs (see fig. 2). 


The parameters of each curve are the battery vol- 
tage (Vb) and the feeding resistance (Rfs). 


Figure 2 : Maximum Line Resistance Versus Common Mode Current (conversation mode). 
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PERFORMANCE ANALYSIS WITH -24V BATTERY 


INTRODUCTION 


This technical note describes the L3000N/L3092 
SLIC performances when used with a battery volt- 
age of —24V. All the main characteristics are ana- 
lyzed and compared with the results obtained with 
a standard battery voltage of —48V. 

The following data were obtained from a typical 
device in order to have an idea on how DC char- 
acteristic, power consumption, ringing voltage 
and AC performances are influenced by a re- 
duced battery voltage. 


POWER CONSUMPTION 


Table 1 shows the L3000N-L3092 current con- 
sumption with two batteries combination Vp. = - 
48V; Ves = 72V and Vp- = -24V; Ve, = +50V. The 
measurements are made in the different operat- 
ing modes (Power Down; Stand-by; Conversion 
with IL = 0; IL = 40mA and Ringing without AC 
Line Load (Ringing Equivalent Number REN = 0). 


Table 1: SLIC Typical Current Consumption with 
Different Battery Voltages. 


so Ee 
few-pown | o | o | 0 | 0 | 
ie am ae 
rosin [ar | - [a4 [0 
evs (.=<omay| s22 | - | so | 0 


DC CHARACTERISTICS 


In fig 1 you can see the typical DC characteristics 
for the two battery voltages: feeding resistance 
was Set to 2 x 200Q (RFS = 200). 


The typical current value versus loop resistance Is 


given by: 
I=llim  forR.< 8&1’ ones 
llim 
_ |Ve-|-5V | Ve-|-5V _ 
hep yonrs OT AL> Tyg PRPS 


Where RFS represents the resistance of each 
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side of the traditional feeding system (most com- 
mon values for RFS are 200, 400 and 500). 


Figure 1: L3O00N/L3092 DC Characteristic with 
a 2 x 200Q Feeding Resistance. 
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MAXIMUM LOOP LENGHT 


Two are the parameters influenced by line lenght 
increment: the first is the DC line current and the 
second is the maximum AC signal that can be 
sent without distortion (THD = 1%). Here below 
are shown the typical maximum loop resistance 
values and the relative line current in corrispon- 
dance of which distortion is still less than 1% for 
+4dBm (1.23 VRMS) AC signals. The SLIC feed- 
ing resistance is set 2 x 200Q. 


Vp- = -48V Vp- = -24V 
Rmax. = 2200 Rmax. = 940Q 
IL = 16.61mA IL = 14.47mA 


ON/OFF HOOK CURRENT THRESHOLDS 
Here below are reported the typical values of the 
DC current thresholds used by the SLIC to detect 
the ON hook and OFF hook line conditions. 
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ON/OFF Hook commutation 

IL = 8.10mA VL = 40.58V RL = 5KQ 
OFF/ON Hook commutation. 

IL = 5.91mA VL = 41.30V RL = 7KQ 
Vp-=—24V 

ON/OFF Hook commutation 

IL = 8.10mMA VL = 16.52V RL = 2KQ 
OFF/ON Hook commutation. 

IL = 5.82mA VL = 17.44V RL = 3KQ 
Ve-=—24V 


AC PERFORMANCES 


All the AC performances: TXgain, RX gain, Re- 
turn Loss, Transhybrid Loss and Longitudinal Bal- 
ance were measured and no significative vari- 
ations were found changing from —48V to —24V of 
battery voltage. 


GRX, GTX and THL variation were inside 0.03dB; 
RL inside .07dB and longitudinal balance inside 
.9GB. 


RINGING PERFORMANCES 


L3000N/L3092 SLIC injects directly the ringing 


signal into the line. The ringing signal has a DC 
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component superimposed with the AC one. 


The maximum ringing amplitude that can be ob- 
tained by L3000N without distortion depends on 
the total battery voltage available: 


Let: 
VBT = |VB+| + |VB-| 
VRING = 0.58VBT - 8.6 (Vrms) (1) 
VDCRING = 0.1736VBT + 0.75 (V) 


EX: 
VB+ = 72V; VB- = -48V 
VRING = 0.58 x 120 - 8.6 = 61Vrms 
VDCRING = 21.6V 
VB+ =50V; VB- = -24V 
VRING = 0.58 x 74 - 8.6 = 34.3Vrms 
VDCRING = 13.6V 
From eq. (1): 
VBT = (VRING + 8.6)/0.58 


CONCLUSIONS 


The measurements carried on show that it is pos- 
sible to make the SLIC working also with reduced 
battery voltage (down to —24V) without any degra- 
dation in terms of AC performances. 


It should be noted that with -24 battery voltage 
you can get good performances up to 950 of 
loop lenght. In case you need higher line currents 
you can increase the battery voltage of the 
amount you need, optimizing in this way power 
dissipation. 
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SGS-THOMSON SLIC KIT AC MODELS 


by W. Rossi 


INDEX 


. INTRODUCTION. 


NO oh WN = 


1. INTRODUCTION 


In this note you can find the basic structure of all 
SGS-THOMSON Microelectronics SLICs_ con- 
cerning AC performances. 


In all these SLICs are present two capacitors one 
for AC/DC path splitting and the other for loop 
stability. The effect of these capacitors is ne- 
glectible in speech band (300 - 3400Hz) therefore 
for each KIT are evaluated the typical AC per- 
formances not considering their influence. 


If performances on a wider band or very high ac- 
curacy are requested the effect of these capaci- 
tors must be included. 


Another possibility to study the effect of these ca- 
Figure 1: L3000N/3010 SLIC Basic Structure. 


. L3000N/L3010 SLIC KIT BASIC STRUCTURE. 

. L3000N/L3030 SLIC KIT BASIC STRUCTURE. 

. L3000N/L3092 SLIC KIT BASIC STRUCTURE. 

. L303X MONOCHIP SLIC BASIC STRUCTURE. 

. ONE EXAMPLE OF SPICE SIMULATION WITH L3000N/L3092 SLIC KIT. 
. ONE EXAMPLE OF SPICE SIMULATION WITH L303X SLIC KIT. 


pacitors is to enter the SLIC structure in a circuit 
simulator like SPICE, as shown at the end of this 
note with the L3000N/L3092 SLIC KIT and L303X 
monochip SLIC. 


2. L3000N/L3010 SLIC KIT BASIC STRUCTURE 


Here below you can see the basic structure of the 
L3000N/L3010 SLIC KIT concerning AC perform- 
ances. 


For an easier representation the high voltage part 
is drawn as a single ended amplifier with a gain of 
40. Close to each node is written the correspond- 
ing pin number of L3010. The components names 
are the same used in the data sheet. 


MB3LINIB-B9 
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Figure 2: L3000N/3010 DC Characteristic. 
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The RD and KDC values depends on the working 
point on DC characteristic, in particular : 


RD = infinite ; KDC = 2 for region 1 
RD = RDC ; KDC = 2 for region 2 
RD = RDC ; KDC = 2/3 for region 3 


CAC is a large capacitor (typ. 22uF) used to split 
AC and DC components of line current. 

CCOMP is a small capacitor (typ. 8.2nF) used to 
guarantee loop stability. 

CAC and CCOMP values are chosen in order to 
have a neglectible effect on speech band signals, 
therefore supposing CCOMP equivalent to an 
open circuit and CAC to a short circuit the follow- 
ing relationships can be easily obtained from the 
circuit diagram of fig. 2.1. Also the TTX filter influ- 
ence in speech band is neglected. 


2.1. SLIC IMPEDANCE AT LINE TERMINATIONS: 


ZML = Vt = (4/5) x ZAC + 2x RP 


Is! vRx =0 


2.2. RECEIVING GAIN : 


= MU py 2 ee 
eV ZL + ZML 


therefore if ZL = ZML 
Gr = 1 


2.3. SENDING GAIN 


VTx ___ ZAC + RPC 
~ MVE VRX = 0 ZAC + (5) - RP 


therefore if RPC = (5/2) x RP 
Gs = -1 


2.4. TRANS-HYBRID LOSS 
tHe w%—2.(—ZB__ ZL +2-RP- (46) RPC 
Vax |ZA+ZB ZL +ZML 
therefore if RPC = (5/2) - RP and ZA/ZB’ = 
ZML/ZL 


THL =0 


lf you need a more careful evaluation of AC per- 
formances you can include also the effect of 
CCOMP, CAC and TTX filter in the above rela- 
tions or you can simulate the system behavior 
with SPICE or other circuit simulators (see exam- 
ple at par. 6). 


3. L3000N/L3030 SLIC KIT BASIC STRUCTURE 


Here below you can see the basic structure of the 
L3000N/L3030 SLIC KIT concerning AC perform- 
ances. 


For an easier representation the high voltage part 
is drawn as a single ended amplifier with a gain of 
40. Close to each node is written the correspond- 
ing pin number of L38030 in PLCC package. The 
components names are the same used in the 
data sheet. 


As you can see on the LS000N/L3030 data sheet 
the large AC/DC splitting capacitor (typ. 22uF) 
can be avoided using the on chip capacitor multi- 
plier. In the following you can see the basic struc- 
ture in both cases. 
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Figure 3: L3000N/L3030 SLIC Configured without Capacitor Multiplier Basic Structure. 
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Figure 4: L3000N/L3030 SLIC Configured with Capacitor Multiplier Basic Structure. 
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Figure 5: L3000N/3030 DC Characteristic. 
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The RD and KDC values depends on the working 
point on DC characteristic, in particular : 


RD = infinite ; KDC = 5/4 for region 1 
RD =RDC;KDC=5/4 _ forregion 2 
RD =RDC;KDC=5/12  forregion 3 


CAC1 or the sinthesized capacitor obtained with 
the capacitor multiplier is relatively large (typ. 
22uF) and it is used to split AC and DC compo- 
nents of line current. 


CCOMP is a small capacitor (typ. 10nF) used to 
guarantee loop stability. 


CAC1, CAC2 and CCOMP values are chosen in 
order to have a neglectible effect on speech band 
signals, therefore supposing CCOMP equivalent 
to an open circuit and CAC1 or the sinthetized ca- 
pacitor obtained with the capacitor multiplier 
equivalent to a short circuit the following relation- 
ships can be easily obtained from the circuit dia- 
gram of fig. 3. Also the TTX filter influence in 
speech band is neglected. The TTX filter imped- 
ance is supposed to be equal to RGTTX/10 in 
speech band and zero at the TTX frequency 


3.1. SLIC IMPEDANCE AT LINE TERMINATIONS: 

ZML = + = ZAC +2x RP 
S |VRX =0 

3.2. RECEIVING GAIN : 


VL ZL 
GR= Vn. >? Zb4ZML 
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therefore if ZL = ZML 


Gr= 1 
3.3. SENDING GAIN 
_ Vx ___ZAC+RPC 
Vi VRX at, ZAC +2-RP 


therefore if RPC = 2x RP 
Gs = —1 


3.4. TRANS-HYBRID LOSS 
TH ym a2-[ ZB ae cs aad 
Vax 


ZA+ZB ZL + ZML 


tnerefore if RPC = 2- RP and ZA/ZB = ZML/ZL 
THL =0 

If you need a more careful evaluation of AC per- 
formances you can include also the effect of 
CCOMP, CAC and TTX filter in the above rela- 
tions or you can simulate the system behavior 
with SPICE or other circuit simulators (see exam- 
ple at par. 6). 


4. L3000N/L3092 SLIC KIT BASIC STRUCTURE 


Here below you can see the basic structure of the 
L3000N/L3092 SLIC KIT concerning AC perform- 
ances. 


For an easier representation the high voltage part 
is drawn as a single ended amplifier with a gain of 
40. Close to each node is written the correspond- 
ing pin number of L8092. The components names 
are the same used in the data sheet. 
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Figure 6: L3000N/3092 SLIC Basic Structure. 
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Figure 7: LSO00N/3092 DC Characteristic. 
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The RD value depends on the working point on 
DC characteristic, in particular : 


RD = infinite for region 1 
RD = RDC for region 2 


CAC is a large capacitor (typ. 47u.F) used to split 
AC and DC components of line current. 


CCOMP is a small capacitor (typ. 390pF) used to 
guarantee loop stability. 


CAC and CCOMP values are chosen in order to 
have a neglectible effect on speech band signals, 
therefore supposing CCOMP equivalent to an 
open circuit and CAC to a short circuit the follow- 
ing relationships can be easily obtained from the 
circuit diagram of fig. 4.1. 


4.1. SLIC IMPEDANCE AT LINE TERMINATION 


_ vt = (ZAC/ 25) + 2 x RP 
Is -0 


4.2. RECEIVING GAIN : 


~t _5,_ 4b _ 
~ Vax ZL+ZML 


therefore if ZL = ZML 
GrR=-—1 


ak Vix ee ZAC +RPC 
~ Vt bis a; ZAC + 25 - (2- RP) 
therefore if RPC = 25 x (2 x RP) 

Gs=- 1 


4.4. TRANS-HYBRID LOSS 


THL = Vix __ ZL +2-RP— (RPGs) 
- Vax ZL+ ZML SB 
therefore if RPC = 25 (2 - RP) and ZA/ZB = ZML/ZL 
THL = 


If you need a more careful evaluation of AC per- 
formances you can include also the effect of 
CCOMP and CAC in the above relations or you 
can simulate the system behavior with SPICE or 
other circuit simulators (see example at par. 6). 


5. L303X MONOCHIP SLIC BASIC STRUCTURE 


Here below you can see the basic structure of the 
L303X MONOCHIP SLIC family (L3035, L3036, 
L3037) concerning AC performances. 

Close to each node is written the corresponding 
pin number. The components names are the 
same used in the data sheet. 
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Figure 8: L803X Monochip SLIC Basic Structure. 


Figure 9: L303X DC Characteristic. 
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The RO and KDC values depends on the working 
point on DC characteristic, in particular: 


RO = infinite ; KDC =5 for region 1 
RO=0;KDC=5 for region 2 
RO=0;KDC=0 for region 3 


CAC is a large capacitor (typ. 4.7u.F) used to split 
AC and DC components of line current. 


CCOMP and CH are small capacitors (typ.220pF) 
used to guarantee loop stability and good THL 
performances. 


CAC, CCOMP and CH values are chosen in order 
to have a neglectible effect on speech band sig- 
nals, therefore supposing CCOMP equivalent to 
an open circuit and CAC to a short circuit the fol- 
lowing relation ships can be easily obtained from 
the circuit diagram of fig. 5.1. 


5.1. SLIC IMPEDANCE AT LINE TERMINATIONS: 


5.2. RECEIVING GAIN : 


VL _9. ZL 
Vax ZL+2ZS 


therefore if ZL = ZS 


Gr= i 
5.3. SENDING GAIN 
VTX 


_05. ZAC + RS 
VRX = 0 ZAC + (50 - 2RP) 


therefore if RS = 50 -2RP 
Gs =1 
5.4. TRANS-HYBRID LOSS 


_ 1x __ ZL+2-RP—(RS%o0) | ZB 
~ ZA +RA+ZB 


therefore if RS = 50 - 2RP and (ZA+RA)/ZB = ZS/ZL 


zs =< ye ea a THL =0 
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5.5. TTX GAIN 


Let's define ZLtTx = line impedance at TTX fre- 
quency 


ZTTx = Rix + 


: : impedance of the 
| @ CtTx 


TTX filter (RtTx in series with Cttx) at TTX fre- 
quency. 
K = 2.325 TTX buffer gain. 


From the block diagram of fig. 8 the TTX gain be- 
come: 


ene ee 1 a 


The residual at TX output is: 


Vi%es= K+ (1—G) ae) Virx (2) 
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Where 1+2ZAC 

G= (K - ZtTx) 

7 4 ZAC 

[((ZLt1x + 2Rp) - 50] 
The optimum TTX filter is obtained for G = 1 that 
means 

ZtTx = 50(ZLt1x + 2Rp) /K 
In this case the (1) and (2) become: 


ZLttx 
Gt1x = 2K - pee ri | 
VTxXres = 0 


If you need a more careful evaluation of AC per- 
formances you can include also the effect of 
CCOMP and CAC in the above relations or you 
can simulate the system behavior with SPICE or 
other circuit simulators (see example at par. 7). 


6. ONE EXAMPLE OF SPICE SIMULATION WITH L3000N/L3092 SLIC KIT 


Figure 10: Circuit Diagram for L3000N/L3092 SLIC KIT ASpice Simulation. 
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V1 
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Figure 11: Network for RL Evaluation; ZRL = Return Loss Test Impedance. 


ZRL 45 RR4 45 


12 


+ 
YVIRL aie 


MEBSL IE9B- 89 


ZRL — ZML 


- 2 x V(12,16) 
RL = 20logio | sug —— 


| = 20l0g10 VIRL 


Figure 12: Network for TX Gain Evaluation with Sending Generator Series Impedance Equal to ZS. 
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SPICE INPUT FILE FOR L3000N/L3092 SLIC KIT SIMULATION 
L3092 AC ANALYSIS 


tkeReeEEREEEEE CIRCUIT CONFIGURATION USED *ttttttttttteaneanae 
* PROT. RES. 2x50 OHM -- RPP = 100 OHM; RPC=2.5KOHM ‘ 
* FEEDING RES. 2x200 OHM -- RDC = 300 OHM ‘ 
* AC LINE IMPEDANCE 600 OHM -- RZAC = 12.5KOHM . 
* (SAME CONFIGURATION AS L3000N/L3092 TEST CIRCUIT) * 


KKEKKEKKKEKER EKER EKER EKER EKER KE REKRK EKER REE KEKE ERE REKKKEEREKEEEREEEKEREKEEKKKKRREK 


KkKKKKKKKKK EXTERNAL COMPONENTS KEEKKEKKKEKREEKKEEEKEKE EERE 


RPC 3 4 2.5K 
RSAC 4 45 .5K 
RPAC 45 5 12K 
*“CPAC 455 1P 
RAS 5 56 6K 
RAP 56 6 6K 
*CAP 566 1P 
RBS 6 60 6K 
RBP 60 0 6K 
*CBP 600 1P 
CBCC 6 0 470P 
RPP 10 11 100 
RTX 20 0 1MEG 


CAC 12 47U 
CCOMP 3 0 390P 
CTX 13 20 10U 


kKkkkkkkkkkekekk END EXT. COMPONENTS KEKKKKKKEKKEKEKKKKKKKKKKKKKKKKK 


Hae MIOQDEL COMPONENTS Seti tttttitincinrtintiasiiceaiss 
R11481K 

R2781K 

R3 8 10 40K 

R480 10MEG 


E1130361 
F27040+.05 

E3 14010-1.25 
E410080-1MEG 


Vi20 
V2 12 11 
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F101 V2 .02 
F230 V1 1 


“AC LIN 40 100 4K 
*.AC DEC 10 10 20K 
.WIDTH IN=80 OUT=80 


****** INSERT ONLY ONE OF THE FOLLOWING BLOCKS DEPENDING *****™ 


***** ON THE DC CHARACTERISTIC REGION 
*** LIM CURRENT REGION *********** 

*RDC 10 10MEG 

kkk END LIM REGION RKKKKKKKKKKKKKK 


kkk RES. FEED REGION KEKKEKKEKKKKEKK 
*RDC 1 0 300 
kee END RES. REGION REKKKKKKKKKKKK 


kkk KKKK 


****** INSERT ONLY ONE OF THE FOLLOWING BLOCKS DEPENDING ******* 


****** ON WHICH ANALYSIS YOU WANT 


*** TX GAIN EVALUATION VTX/VL WITH VRX = 0 *** 
*VRX50DCO 

*VL120AC 

* PRINT AC VDB(20) VP(20) 

* PLOT AC VDB(20) VP(20) 

* STORE AC VDB(20) VP(20) 

#8 ENID TX GAIN sttttnnnnnananananennunnenienennnsi 


*** TX GAIN EVALUATION 2VTX/VSO WITH VRX=0 *** 
*** (SERIES IMP. OF SENDING GENERATOR = ZS)*** 
*VRX50DC0 

* VSO 250 AC2 

* RSS 24 12 300 

* RSP 24 25 300 

** CSP 24.25 1P 

* PRINT AC VDB(20) VP(20) 

* PLOT AC VDB(20) VP(20) 

* STORE AC VDB(20) VP(20) 


kkk END TX GAIN KEKEEKEKKEEKEKEKEEKEEEEEKRREKKKEKKEKEKKEKKE 


kkk RX GAIN EVALUATION VL/VRX RAEKKEKKKKKKKEKKKKK 
* RSL 12 15 300 

* RPL 15 0 300 

** CPL 1501P 

*VRX 50 AC 

* PRINT AC VDB(12) VP(12) 


10/18 
Ayy Sitpouacronnes 
858 


kkkkkik 


* PLOT AC VDB(12) VP(12) 
* STORE AC VDB(12) VP(12) 
kee END RX GAIN KRKEKKEKEKEKEKKKKKKKKKKKKKKKKKKKEKK 


“TLE EVALUATION VTDX/VRX ttttrenseatennennne 
* RSL 12 15300 

* RPL 150 300 

**CPL1501P 

*VRX50 AC 

* PRINT AC VDB(20) VP(20) 

* PLOT AC VDB(20) VP(20) 

* STORE AC VDB(20) VP(20) 

*** END THL EVALUATION *tttteteneesnsnnnnieens 


*** RETURN LOSS EVALUATION *ttttteenenensnne 
*VRX50DCO0 

*VIRL 150 AC 2 

* RCS 12 17 300 

* RCP 17 15 300 

**CCP 1715 1P 

*RR1 15 161K 

* RR2 160 1K 

* PRINT AC VDB(12,16) 

* PLOT AC VDB(12,16) 

* STORE AC VDB(12,16) 

*** END RETURN LOSS EVALUATION *****#######+## 


*** INPUT IMPEDANCE EVAL. AT LINE TERMINALS ** 
*VRX50DCO0 

*1L012AC 

* PRINT AC VM(12) VP(12) 

* PLOT AC VM(12) VP(12) 

* STORE AC VM(12) VP(12) 

*** END INPUT IMPED. EVALUATION ******#####*** 


.END 
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7. ONE EXAMPLE OF SPICE SIMULATION WITH L303X MONOCHIP SLIC. 


Figure 13: Circuit Diagram for L803X Monochip SLIC SPICE Simulation. 
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Figure 14: Network for RL Evaluation; ZRL = Return Loss Test Impedance. 


MOSLIGIS- 47 


2 xX Ul236.233) 


Figure 15: Network for TX Gain Evaluationwith Sending Generator Series Impedance Equal to ZRL. 
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SPICE INPUT FILE FOR L303X SLIC SIMULATION 


L303X MONOCHIP SLIC AC ANALYSIS 


KEKRKEKKKEEKEKEKKKKKAKKKKKKKKKKKKKRKKKKKK DEFAULT CIRCUIT CONFIGURATION KEKKKEKKEKEKEKEKKKKKKEKKKKKKKKKKKKKEK 


* PROT RESISTOR 2x40ohm -- RP1=RP2=40o0hm -- RS=4Kohm c 
* FEEDING RESISTANCE 400ohm -- RDC=3.2Kohm e 
* RETURN LOSS IMPEDANCE 600ohm -- ZAC=26Kohm ‘. 
* TRANS HYBRID LOSS IMPEDANCE 6000hm -- RA=4Kohm, ZA=26Kohm, ZB=30Kohm i 
* (SAME CONFIGURATION AS L3036 TEST CIRCUIT) 


KIKI KEKE IKKE KEKE EK IEEE IKKE EEK EEK KEE KEREKERE AKER KEK KK KEKE EKER IKE EKER KEK KEKE EKEKKEEEKEKEKEKKKKKKKKEKRKKK KKK 


waeeeeeeeee* SLIC EXTERNAL COMPONENTS (SHOULD MATCH WITH THE APPLICATION )*********** 


RP1 9 230 40 

RP2 15 240 40 

RS 42 30 4K 

RA 200 31 4K 

RDC 23 3.2K 
RTTX 29 210 6.34K 
RTX 2200 1MEG 
RITTX 40 0 10MEG 
RIRX 38 0 10OMEG 
RIZB 31 30 10OMEG 


CAC 2 29 4.7U 
CCOMP 42 0 220P 
CH 200 0 220P 
CTTX 41 210 5.6N 
CTX 37 220 100N 


isola AX @ teeta 
RSAC 39 250 13K 
RPAC 250 42 13K 
*CPAC 250 42 4.4N 


KEKRKKKKEKEEKKKEKREEKKEKK 


KKKKKKKKK ZA KeKKKKKKE 


RAS 39 201 13K 
RAP 201 200 13K 
*CAP 201 200 4.4N 


KEKKEKKKEKEKKEKKKKKKKKKKKK 


KEKKKKKKE ZB kkkkkkkeee 


RBS 31 260 15K 
RBP 260 0 15K 


14/18 
LIE Ae ae ee f SGS-THO 

S/ i Se a 
862 


*CBP 260 0 4.4N 


KEKEKKKKEKKEKEKEKKEKEKKKEKERKEKEEKEKEEEKKKK KKK 


*** RETURN LOSS IMPEDANCE ****** 
-SUBCKT ZRL 1 2 

RSRL 1 3 300 

RPRL 3 2 300 

*CPRL 3 2 220N 

-ENDS 


KKIKEKREKKEKKEKEKEKEKERE EERE KKEEKEKKKEREREKERKEREKKKKKE 


teeeeeeeE® TL IMPEDANCE tttttteetantes 
SUBCKT ZTHL 1 2 

RSTHL 1 3 300 

RPTHL 3 2 300 

*CPTHL 3 2 220N 

-ENDS 


KERIKERI KKEKEKEEKEKEEEKEKEKEKEKKKKKKKKKKKEK 


theReeeEEE TTX LINE IMPEDANCE ******# 
SUBCKT ZTTX 1 2 

RSTTX 1 3216 

*RPTTX 3 2 200 

CPTTX 3 2 120N 

-ENDS 


kkkkkkkkkekeekkKekkkkKekkkkkkkkkhkkhkkkkkkkKekkkkkekKKRK 
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KREKKKKKKKEEKKERKEEKEEKKKKEEKEKEKEEKKKE END SLIC EXTERNAL COM PONENTS KHEEKKEKEKEKKEKEREKEKKEKEEKEKKKKKKKKKKKKKKK 


KEKEKKKEKKEKEKEKEKKKKKKKKKKKKKKK MODEL COMPONENTS (SHOULD NOT BE MODIFIED) KEKEKEKEKKKKEKEKKEKKEKKEKKK 


Ri 100 105 10K 
R2 100 102 10K 
R3 100 101 10K 


Ei 4104001 

E239 0 380 1 

E3 37 0 30 31 1 

E4 102 041 02.325 

E5 1010100 0 -10MEG 
E6 103 0 101 0 -1 

E7 104 106 101 0 1 

E8 10504201 

E9 106030 -14.13 


{ SGS-THOMSON 
S/ | See cna 


15/18 


863 


APPLICATION NOTE 


Vi 103 9 
V2 15 104 
V3 29 0 


Fi20V1 .005 
F220 V2 .005 
F3 0 30 V3 1 


*.AC LIN 40 100 4K 
WIDTH IN=80 OUT=80 


KKKKKKEKKEKHAKKKAKKKKK KK KKK KKK KKK END MODEL COMPONENTS KHKKEEKEKEKEREEEKEREREKREKREKEREKEREKEKEEKEEEKE 


****** INSERT ONLY ONE OF THE FOLLOWING BLOCKS DEPENDING ON THE *********** 
****** DC CHARACTERISTIC REGION ec 


KKKKKKKE LIMITING CURRENT REGION RKEKKKEKKKKKKKKKKKEKKK 
*R4 30 1MEG 
KkkkKkKKK END LIMITING REGION KKKKKKKK KkkkKKKKKKKKKKRKK 


KEKKKKKKKKKKK CONST VOLTAGE REGION KKKKKKKKKKKKKKKKK 
*R4 301M 
KEKKEKKKKKKKK END CONST VOLTAGE REGION KKEKKKKKKKKKKK 


“** RESISTIVE FEED REGION (NOT ALWAYS PRESENT) **** 
*R4301M 

*R5 107 100 10K 

*E10 107032-5 

+4eeeetee* END RESISTIVE FEED REGION **ttttteteeeee 


*eee*** INSERT ONLY ONE OF THE FOLLOWING BLOCKS DEPENDING ON *************** 
KkKKKKKK WHICH ANALYSIS YOU WANT KREKKEKKKKKKKKEKEK 


**ee4* TX GAIN EVALUATION VTX/VL WITH VRX=0 “#888 tite eeaas 
* VRX 380 DC 0 

* VTTX 400 DCO 

* VL 230 240 AC 

* AC LIN 40 100 4K 

* PRINT AC VDB(220) VP(220) 

* PLOT AC VDB(220) VP(220) 

* PROBE AC V(220) 


KkKkkkkkk END TX GAIN KHEKEKKEKEKEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKEK 


“eee TX GAIN EVALUATION 2VTX/VSOL WITH VRX=0 ************#88** 
*VRX 38 0 DC 0 
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*VTTX 40 0 DCO 

*VSO 234 240 AC 2 

*XZRL 230 234 ZRL 

* AC LIN 40 100 4K 

* PRINT AC VDB(220) VP(220) 
* PLOT AC VDB(220) VP(220) 
* PROBE AC V(220) 


KkKKKKKKK END TX GAIN KEKKKKKEKKKKEE EKER EK EEK KEEKKEKEKREEEKEREREEEKEKRKKRKKKKEKK 


iano yeaa PUA LLIATION EC 
*VTTX 400 DCO 

*XZRL 230 240 ZRL 

*VRX 380 AC 

* AC LIN 40 100 4K 

* PRINT AC VDB(230,240) VP(230,240) 

* PLOT AC VDB(230,240) VP(230,240) 

* PROBE AC V(230,240) 


KaeKKKKKK END RX GAIN KEKKKEKEKEKEKEKEKEKKEEEKKKEKEKRREEKKEREKKKEEKKKEKKKEKKKKKEK 


seeneeee THE EVALUATION VDX/AVRX titentnnienenteenennnnnnnananes 
*VTTX 400 DCO 

*XZTHL 230 240 ZTHL 

*VRX 38 0 AC 

* AC LIN 40 100 4K 

* PRINT AC VDB(220) VP(220) 

* PLOT AC VDB(220) VP(220) 

* PROBE AC V(220) 

e448 END THL EVALUATION *tttttttnntenientianinnnenenneneeenies 


s48848" DETURN LOSS EVALUATION *ttithttnttnrenissenanennencenes 
*VTTX 400 DCO 

*VRX 380 DC 0 

*XZRL 230 232 ZRL 

*RR1 232 233 1K 

*RR2 233 240 1K 

*VIRL 232 240 AC 2 

* AC LIN 40 100 4K 

* PRINT AC VDB(230,233) 

* PLOT AC VDB(230,233) 

* PROBE AC V(230,233) 

ses48* END RETURN LOSS EVALUATION *tttttttitnnennenntanenninneanennens 


veeree** INPUT IMPEDANCE EVALUATION AT LINE TERMINALS *********** 
"VTTX 40 0 DC 0 

*VRX 38 0 DC 0 

“IL 240 230 AC 


. " 
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* AC LIN 40 100 4K 

* PRINT AC VM(230,240) VP(230,240) 

* PLOT AC VM(230,240) VP(230,240) 

* PROBE AC V(230,240) | 
kKkkkkkKK END INPUT IMPEDANCE EVALUATION KEKKKEEKKKEKKKEKEKKKKKKKKEER 


neeneee TTY GAIN EVALUATION VLAVTTXIN titttittnteennntnninanneannenan 
*VRX 380 DCO 

*XZTTX 230 240 ZTTX 

*VTTXIN 40 0 AC 1 

* AC LIN 2 12K 16K 

* PRINT AC VM(230,240) VP(230,240) 

* PLOT AC VM(230,240) VP(230,240) 

* PROBE AC V(230,240) 


kkkkkkeek END TTX GAIN KKKKKEKEKEKK KEK EK K EKER KK KK AEREREKEKEREREKKKKKKKKKKE 


seeeeees TTX CANCELLATION VIX/VTTXIN *tttttienisnenneanunnennnauan 
*VRX 380 DC 0 

*XZTTX 230 240 ZTTX 

*VTTXIN 40 0 AC 4 

* AC LIN 2 12K 16K 

* PRINT AC VM(220) VP(220) 

* PLOT AC VM(220) VP(220) 

* PROBE AC V(220) 

seteteer END TTX CANCEL LATION *eetntnnnsnanannceannentenncecaneces 


.END 
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SGS-THOMSON SLIC KITS AND COMBO II 


1. INTRODUCTION 


One of the main feature of COMBO II is the possi- 
bility to program TX and RX gains and to perform 
the two to four wire conversion (echo cancella- 
tion). 

In particular the echo cancellation feature allows 
you to save external components in the SLIC cir- 
cuitry. 

In the following tables you can find different val- 
ues for COMBOII hybrid balance filter in order to 
satisfy different administrations requirements. 


Three SLIC KITS are analyzed : 
L3000N/L3030 


Table 1. 


by W. Rossi 


L3000N/L3092 
L303X(L3035/6/7) 


for each administration also the external compo- 
nents are specified. 
lf you need more specific informations the com- 
plete Application Note is available, ask for it to our 
sales office. 
In the complete Application Note you can find all 
the details for each country in particular : 

— Echo measurements 


— Combo II simulation software results 


— Bench measurements with PCM-4 Wandel & 
Goltermann 


R. L. Test COMBO II 
cai Administration SLIC Ext. Comp. THL. Test Netw. Hybal Coeff. 


Germany/Austria/ 
Switzerland 


R1 = 2202 
R2 = 8202 
C1 = 115nF 


ZAC = (1) 

RPC = 602 

ZA = 2K 

ZB = 6.19K 

CCOMP = 10nF 

(1): 160W + (8200//115nF) 


Figure 1: L3O00N+L3030 Application Diagram. 


R1 = 2200 
R2 = 8200 
C1 = 115nF 


EC; 32; C4 


sada TX 


COMBO \ pyyrge 


UB- 


L3000N 


CACi 


Roc] |34aQ 
1? 


EIA NCS DIO DCLK CI 

18] 19] 2e] 21] 26] 

EIA NCS DIO DCLK CI 

(*) All measurements were made substituting the TTX filter with 1K resistor and RGTTX with 10K. The 1K resistor is 
equivalent to TTX filter for speech band signals. 
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2. L3000N/L3030 + COMBO II APPLICATION 3. L3000N/L3092 + COMBO I] APPLICATION 
Test network : Test network : 
R2 R2 
R1 ka R1 me 
C1 C1 
AISL IVEF- 34 MOL IFOV- 14 
In Table 1 you can find the SLIC external compo- In Table 2 you can find the SLIC external compo- 


nents and the COMBO II programming coefficient nents and the COMBO II programming coefficient 
for Germany, Austria and Switzerland followed by for different countries followed by the application 


the application diagram (Fig. 1). diagram (Fig. 2). 

TX and RX gain are chosen in order to have : TX and RX gain are chosen in order to have : 
OdBm0 = O0dBm_ 600 ohm (TXgain reg. = BF ; OdBm0 = OdBm_ 600 ohm (TXgain reg. = 
RXgain reg. = AE) RXgain reg. = AE) 

Table 2. 


COMBO Ill 
cal R. L. Test Netw. SLIC Ext. Comp. THL. Test Netw. a Coeff. 


60002 R1 = 6002 Ri = 6000 
KOREA/US PRIV. | R2= : R2 = : 


PORTUGAL PRIV. | C1 = Ci = 
FRANCE PUB. 


2 CHINA R1 = 2000 R1 = 2.5K Ri = 200Q EE 
R2 = 680 R2=17K R2 = 6800 14 

3 ITALY PRIV. R1 = 180 R1=2K Ri=0 EF 
R2 = 630 R2 = 15.75K R2 = 7502 00 

Ci = 60nF Ci = 2.4nF C1 = 18nF Al 

ITALY PUBL. Ri = 6002 Ri=0 Ri=0 E5 

R2 = ; R2 = 12.5K R2 = 1.1K 14 

Ci = Ci1=0 C1 = 33nF CO 


© sista R1 = 2202 R1 = 3K R1 = 2200 EE 
© | ste Re = 8202 R2 = 20.5K R2 = 8200 00 
SWITZERLAND C1 = 115nF C1 = 4.6nF C1 =115nF 44 


Ri = 4.25K 
R2 = 22.75K 
C1 = 4.8nF 


A: 
R1 = 2700 
R2 = 1.2K 

Ci = 120nF 


B: 
Ri = 3902 


R2 = 6202 
C1 = 100nF 


A: 
Ri = 150 
R2 = 8302 
C1 = 72nF 


B: 
Ri = 6009 
R2=0 
Ci=0 


R1 = 270 
R2 = 910 
Ci = 120nF 


; FINLAND 
i BELGIUM PRIV. 


Ri = 1.25K 
R2 = 20.75K 
C1 = 2.88nF 


R1 = 150 
R2 = 8302 
C1 = 72nF 


UK PRIV. R1 = 3002 R1 =5K Ri = 3700 F4 
R2=1K R2 = 25K R2 = 6200 12 
G1 = 220nF C1 = 8.8nF C1 = 310nF 6B 
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ED, 23, 48 
E5, 20, 48 
Fi, 41, 20 


COMBO II 
Hybal Coeff. 
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Ri =6.75K 
R2 = 15.5K 
C1 = 12.4nF 


SLIC Ext. Comp. 


R. L. Test Netw. 


Administration 
Figure 2: L3O000N/L3092 + COMBO II 
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4. L303X (L3035/6/7) + COMBO II APPLICA- In Table 3 you can find the SLIC external compo- 
TION nents and the COMBO II programming coefficient 
Test network: for different countries followed by the application 


diagram (Fig. 3). 
R? TX and RX gain are chosen in order to have : 


R4 OdBm0 = OdBm_ 600 ohm (TXgain reg. = 83 ; 
RXgain reg. = AE) 


ci 


PBS) IJFBI- 34 


Table 3. 


re : SLIC Ext. Comp. COMBO Il 
Administration R. L. Test Netw. (ZAC) THL. Test Netw. Hybal Coeff. 


1 60022 
FRANCE PUB. 
AUSTRIA (I) Ri = 6002 R1 = 600Q 
PRI. R2=0 R2=0 
USA PRI. Ci=0 C1=0 
PORTUGAL PRI. 
KOREA 


2 CHINA —A-— R1 = 200 Ri =6K Ri = 200 EE 
R2 = 680Q R2 = 34K R2 = 680 00 
C1 = 100nF C1 = 2nF C1 = 100nF 6E 

3 CHINA —B- Ri = 200Q R1=6K R1 = 2009 EF 
R2 = 5600 R2 = 28K R2 = 560Q 12 
Ci = 100nF C1 =2nF Ci = 100nF 2A 

4 ITALY PRI. R1 = 1802 R1 = 5K Ri =0 FO 
R2 = 6302 R2 = 31.5K R2 = 750Q 01 
Ci = 60nF C1 = 1.2nF C1 = 18nF 9B 


ITALY PUBL. R1 = 600Q R1=0 R1=0 E5 
R2=0 R2 = 26K R2 = 1.1K 11 
C1=0 C1=0 C1 = 33nF Co 
GERMANY R1 = 220Q Ri =7K R1 = 2200 EF 
AUSTRIA R2 = 820Q R2 = 41K R2 = 8200 11 
AUSTRALIA PR. C1 = 115nF C1 = 2.3nF C1 = 115nF C2 
SWITZERLAND 


AUSTRIA (Il) PRIV. | Ri = 220Q Ri = 7K R1 = 2200 EB 
R2 = 8200 R2 = 41K R2 = 1.2K 23 
C1 = 115nF C1 = 2.3nF Ci = 150 FB 


BELGIUM PRI. Ri = 150Q Ri = 3.5K A: 
R2 = 8300 R2 = 41.5K Ri = 150Q 
C1 = 72nF C1 = 1.44nF R2 = 8300 
Ci = 72nF 
B: 
Ri = 600Q 
R2=0 
Ci=0 


7 
DENMARK R1 = 4002 R1 = 16K R1 = 3002 E9 
R2 = 5002 R2 = 25K R2=1K 22 
C1 = 330nF C1 = 6.6nF C1 = 220nF 39 
0 NETHERLANDS Ri = 6002 R1 = 26K Ri = 3400 EA 
R2=0 R2=0 R2 = 4220 01 
Ci=0 Ci=0 C1 = 100nF 24 
1 


1 
| NORWAY Ri = 120Q R1=2K R1=1200 
R2 = 8200 R2 = 41K R2 = 8200 
C1 = 112nF Ci = 2.24nF Ci =110nF 
SY ae Kz SGS-THOMSON 
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COMBO II 
| Administration R. L. Test Netw. SLIC Ext. Comp. THL. Test Netw. a Coeff. 
mr. R1 = 2002 R1 =6K R1 = 
R2=1K R2 =50K R2 = 9000 oi 
C1 = 100nF Ci = 2nF Ci = 30nF 6F 


FINLAND Ri = 2700 Ri = 9.5K A: 
R2 = 9102 R2 = 45.5K Ri = 270Q EB 
Ci = 120nF Ci =2.4nF R2 = 1.2K 11 
C1 = 120nF 77 
B: 
R1 = 390Q F4 
R2 = 6209 01 
Ci = 100nF EF 


14 FRANCE PRI. R1 = 2150 Ri =6.75K Ri = 6002 F8 
R2 = 1K R2 = 50K R2=0 00 
C1 = 137nF C1 =2.74nF Ci=0 OF 
15 GREECE R1 = 400Q Ri = 16K Ri = 2200 ED 
R2 = 500 R2 = 25K R2 = 8200 23 
Ci = 50nF C1 =1nF C1 =115nF 92 
16 SPAIN R1 = 2200 R1=7K R1 = 2200 EF 
R2 = 8200 R2 = 41K R2 = 8200 12 
C1 = 120nF C1 =2.4nF C1 = 120nF DF 


oe ae PRI. R1 = 300 Ri =11K R1 =370Q F4 
R2= 1K R2 = 50K R2 = 6200 12 
cen = 220nF C1 = 4.4nF Ci =310nF 6B 


R1 = 370 Ri = 14.5K Note 1 
R2 = 6202 R2 =31K A: SHORT LINE EE, 12, CC 
Ci =310nF Ci =6.2nF B: LONG LINE EE, 38, 1A 


(S. GAUGE) 
C: LONG LINE 


E9, 36, EA 


: 7 


(L. GAUGE) 
USA PUB. R1 = 900Q R1 = 39K Note 2 
R2 = INF. R2 = 180K A: LOAD LINE E6, 20, 48 
C1 = 2.16uF C1 = 55nF B: NOT LOAD F2, 20, AO 
Note 3 LINE 


Notes : 

1.U.K THL TEST NETWORKS (see Figure 3) 
2. U.S. THL TEST NETWORKS (see Figure 4) 
3. CCOMP = 100pF; Rp = 62Q; Rs = 6.2K 


4. CREV is used for reversal polarity transition time programming only with L3037. With L3035/6 this pin is shorted to AGND. (see Figure 5) 
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Figure 3: Figure 4: 


1. Loaded line 46580 


1982 opp 


2. Not Loaded line 
8bB 


265nF 
MG919989-I5 


1882 SUnF 


MOSL 3888-36 
1. Short lines 


2. Long lines (small gauge) 


3. Long lines (large gauge) 


Figure 5: Typical Application Circuit (Full Feature) TS5070 + L303X + LCP1511. 
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L3000N/L30XX SLICs PROTECTION CIRCUITS 


INTRODUCTION 


In this application note are described different 
ways to protect L3000N/L30XX SLIC KITs. 


The L3000N/L30XX are, COMPARED TO 
STANDARD SOLUTIONS, more complex to pro- 
tect because the positive battery can be either 
GND or VB+ (typ. + 72V) depending on the SLIC 
operating mode. In the following three protection 
Seg for the L8000N/L30XX KITs are de- 
scribed. 


The first solution is based on programmable tran- 
sient suppressor L3121; and this is the most com- 
plete one: another simpler solution, based on 
standard transient suppressor like LS5120 or 
TRISIL is proposed. Finally a way to use only one 
transient suppressor for more subscribers is de- 
scribed. 


L3000N/L30XX PROTECTION CIRCUIT BASED 
ON PROGRAMMABLE TRAN-SIENT SUP- 
PRESSOR L3121 


In fig. 1 you can see the circuit configuration used 


Figure 1: Protection Circuit for L3O00N (half section) 


by W. Rossi 


to protect the L3000N/L30XX SLIC KITs with 
L3121. (The same structure is applied to the 
RING termination). When the voltage on the line 
increase above VB+ (typ +72V) or decrease be- 
low VB (typ. -48V) the transient suppressor L3121 
intervenes and shorts the wire to ground. 


For each wire we need one L3121 ; one 22nF ca- 
pacitor to increase the intervention speed and 
three diodes : two to program the intervention 
voltage levels and one to pull up the supply volt- 
age of the internal stages in order to avoid re- 
verse voltage between line termination and sup- 
ply voltage. In fact if you look at fig. 2.1. you can 
see that the internal output stage of the device 
can be fed either by GND or by VB+ depending 
on the status of the internal switch SW1. Since in 
normal operation the circuit is fed by GND and 
the protection intervenes when the line voltage 
exceeds VB+ it is evident that the reverse voltage 
between line termination and supply can damage 
the device. To avoid this fact a diode connected 
between line and supply increases the supply 
ae when the line voltage increases (see 
ig.1). 


al 


a 
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L3000N/L30XX PROTECTION CIRCUIT BASED 
ON STANDARD TRANSIENT SUPPRESSOR 
AS L5120 OR TRISIL. 


In this paragraph is described a cheaper solution 
(respect to the one described in par. 2) to protect 
L3000N/L30XX SLIC KITs. 


The protection circuit is based on two LS5120 or 
equivalent TRISIL, a polarity guard and two di- 
odes to avoid reverse voltages between line ter- 
mination and internal stages supply (see par. 2). 
The two external 50ohm resistors are splitted in 
three parts. 


See the circuit of fig. 2. 


If a surge is induced on the line the LS5120 inter- 
venes and within 100ns it clamps the surge. Dur- 
ing the first 100ns the LS5120 works like a 180V 
Zener Diode. The polarity guard avoid this 180V 
pulse to reach SLIC line terminations shorting it to 
the supply voltage (see fig. 3.1.). 


Two capacitors C1 and C2 guarantee that in pres- 
ence of negative or positive surges the supply 
vol-tage remain constant enough. These capaci- 
tors can be easily dimensioned considering that 
the 100ns current peak flowing through the polar- 
ity guard is equal to about 110V/10Q = 11A in the 


case of positive surges and about 130V/10Q = 
13A in the case of negative ones. 


For negative surges (worst case) the charge Q in- 
jected in the capacitor is 13A x 100ns=1.3uC 
(supposing that no current flows through the 
power supply) therefore a 1pF capacitor is large 
enough to guarantee a less than 1.5V supply vari- 
ation. 


If instead of LS5120 another similar device like 
Trisil is used the capacitors C1 and C2 have to be 
dimensioned depending on the clamping time of 
such device. 


It should be noted that the diode type used in the 
polarity guard is important in order to guarantee 
good performances. The suggested diodes for 
this application are BYT11-600 or equivalent. We 
observe that this kind of diodes in presence of a 
10A, 200ns current pulse show a voltage drop of 
about 3V, while diodes as 1N4004 in presence of 
the same pulse shows a vol-tage drop ten times 
larger (30V). 

It should be noted that in presence of power cross 
the Vp, supply should be able to sink current and 
the Vg. to source current. 


Figure 2: L3000 Surge Protection Circuit Based on LS5120. 


All diodes: BYT11-600 or equivalent 
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L3000N/L30XX COMMON PROTECTION CIR- 
CUIT FOR MORE SUBSCRIBERS BASED ON 
PROGRAMMABLE TRANSIENT SUPPRESSOR 
L3100. 


In this solution each SLIC is protected by means 
of a polarity guard that, in case of a surge, avoid 
the line terminations to exceed the supply volt- 
ages. In the following page you can see the circuit 
schematic of this solution. 


Consider that in this application the current peak 
flowing through the polarity guard can reach 100A 
for 3KV surges ; therefore proper diodes must be 
used in order to avoid excessive voltage drop in 
presence of such current peak. 


When a positive (negative) surge occurs on one 
line the common protection P71 (P2) clamps all the 
lines to ground. 


Figure 3: L3000 Common Protection Circuit. 
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Since when you short a line termination to ground 
the SLIC can source or sink (depending on the 
line termination status) up to 100mA, it can hap- 
pens that once finished the surge the protection 
remain clamped because of the line currents. 


If this fact happens all the SLICs connected to the 
same protection detect ground key, in this way 
the controller can recognize that one protection is 
clamped. 


One possible way to open clamped protection 
(once the surge is finished) is to set all the SLICs 
connected to it in power down mode for a short 
time. In this way for a moment no current flow 
through protection allowing it to open. 


Finally the protection intervention time can be fur- 
ther improved connecting one 6.8nF/100V capaci- 
tor between pin 1 and pin 3 of each L3100. 
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All diodes: BYT11-600 or equivalent 
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M3488 DIGITAL SWITCHING MATRIX 


INTRODUCTION 


The M3488 DIGITAL SWITCHING MATRIX device 
can be used as a basic component in modern digital 
switching systems. 


This Technical Note is a guide for designers who 
wish to use the M3488 in their systems. 


Section 1 contains introductory material in the field 
of digital switching and can be quickly passed over 
by experienced designers. 


The main characteristics of the M3488 are shown in 
Section 2. 


rtm mn a Ee ne ee ee 


AN505/0994 


Sections 3 and 4 describe, respectively, the internal 
structure, and the various functions which may be 
implemented. 


Some detailed material concerning timing and some 
important services are examined in Section 5. 


Section 6 is dedicated to applications. Another com- 
ponent, the M3116, used in this field, is introduced 
in this section ; of particular note is the fact that the 
M3116 is a digital device which realizes conference 
and tone generation functions. 


APPLICATION NOTE 


1. DIGITAL SWITCHING TUTORIAL 


WHAT IS A DIGITAL SWITCHING MATRIX 
(DSM) ? 


A Digital Switching Matrix is a device which permits 
switching a certain number of signals among them- 
selves. 


The signals to be switched can either be digital or 
analog ; in the latter case, digitalization of these si- 
gnals must be provided before switching takes pla- 
ce. 


Digitalization takes place in three stages : 
a) band limiting (by a low pass filter) ; 

b) sampling ; 

c) digital coding. 


PULSE CODE MODULATION (PCM) 


The technique of digitalizing signals used in telepho- 
nic applications is called PCM. 


The signal to be digitalized is sampled every 125 ps, 
in other words, with a frequency equal to 8 KHz sin- 
ce, according to the Nyquist law, the sampling fre- 
quency must be greater or equal to twice the 
maximum frequency of the analog signal being sam- 
pled. As is well known in telephony, this frequency 
is less than 4 KHz. 


Based on input signal sampling (see fig. 1-1), the co- 
ding links a given sample to an 8-bit binary number. 


Thus, the number of discrete levels becomes 
08 _ 956. 


Non-linear coding laws are used. The main ones are 
the two following : 


. Mu law used in the USA, Canada and Japan ; 


- A law used in Europe, South America, Australia 
and Africa (see fig. 1-2). 


Since the sampling frequency is 8 KHz, the digitali- 
zed signal will be made up of a number of bits per 


second equal to (8 « 8000) = 64000 bit/s. 


TIME DIVISION MULTIPLEXER (TDM) 


TDM is a technique which permits merging various 
digital signals into a single high velocity signal. Many 
stages of switching will, thus, become easier. 


Fig. 1-3 presents a diagram of the TDM principle. 


TDM is based on the serializer, which accepts PCM 
signals at the input, and provides them at the output, 
accessed cyclically. 


Each input channel is linked to a time slot, and is 
thus fixed precisely in the serialized output stream. 


Figure 1.1 : SAMPLING & CODING. The Analog 
Signal to be digitalized is First Ban- 
dwidth limited (fig. 1.1a) Then Sampled 
at a Frequency fs (fig. 1.1b). The Resul- 
ting Periodic Sequence of Samples is 
shown in Fig. 1.1c. Each Sample is then 
replaced with an 8~—Bit Word repre- 
senting the Amplitude (fig. 1.1d). 


War in we alae SIGNAL 


A 


Litt itt titty SAMPLING 


(fs = 2 fmax) 


cs ae coe oe SAMPLES 


ENCODED 
PCM 


(8 bit) 


Figure 1.2 : The Quantization Curve for A-law Li- 
mited to Positive Samples. Each 
Group of 16 Steps is Contained in a 
Segment and the Normalized Values 
of the Input Signal Corresponding to 
the Extremes of Each Segment are 
One Half of Each Other. 
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A very stable oscillator provides the master clock 


and all the timing functions used in the multiplexer. 


The international standards for the TDM are two, na- 


mely : 


APPLICATION NOTE 


a) the North American Standard (PCM 24 Tran- 
smission System) ; 


b) the European Primary System (PCM 30 Tran- 
smission System) ; 


Figure 1.3 : The Basic Principle of Time Division Multiplexing (TDM). Data from n Independent Channels 
are Compressed and Transferred to a Single Output. Each Channel Outputs Its Data in Sepa- 
rate Time Slots Defined by a Timing Circuit. 
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THE NORTH AMERICAN STANDARD (PCM 24) 


Fig. 1-4 presents the PCM 24 Transmission System 
frame format. 


Each of the 24 channels has already been sampled 
at 8 KHz and coded, using Mu law with 8-bit words. 


Messages reaching the channels are word interlea- 
ved, forming an uninterrupted sequence of 192 bits. 


TIMING LOGIC 


(1) (2) (3) (4) (n) 


MULTIPLEXED CHANNEL” TIME SLOTS” 


TIMING SIGNAL (1) 


TIMING SIGNAL (2) 


TIMING SIGNAL (3) 


TIMING SIGNAL (4) 


TIMING SIGNAL (n) 
FRAME (nel) 


A single alignment framing digit (bit X) is inserted at 
the beginning of each sequence ; thus the total num- 
ber of digits in a frame is 193. The velocity of the si- 


gnal in bit/s is thus (8000 « 193) = 1544 Kbit/s. 


In certain applications, usually PABX, the Extra bit 
(bit X) is omitted. In this last case the velocity of the 


signal becomes (8000 « 192) = 1536 Kbit/s. 
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Figure 1.4: Frame Format of the Bell T1 (PCM24) System. Each Frame Contains 24 Channels PLus One 
Signalling Bit (bit X). This Format is Used in the USA, Canada and Japan. 
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THE EUROPEAN PRIMARY SYSTEM (PCM 30) interleaving ; thirty 8-bit words are inserted in a fra- 


Fig. 1-5 shows the European Primary System frame DONS e MG S10ts UNDE tea POMOC a 


format. Two of the slots (0 and 16) are used for frame ali- 


TDM combines 30 voice channels, sampled at  9”ment and signalling. 


Beha, ang coded daing eva with seus words. Each frame has (8 - 32) = 256 bits, and its velocity 
Various channels messages are combined by word is (8000 + 256) = 2048 Kbit/s. 


Figure 1.5: Frame Format of the European System (PCM30). Each Frame contains 32 Channels of which 
two are dedicated to signalling. This Format is used in Europe, Latin America, Australia and 
Africa. 


oF rere numer 0 


Multifreme code 


Retsrved for international routes 
Reserved for national routes (logical 1 
internationsi} 
Multfreme synchronization clerm 
dee Frame synchronization alarm 
y Chenns) asszocigted signatling digits 
y, ri Multiframe code 


ity 
{A lew aaa “ 


St ‘Lelele bale lepele Ley 


165,30 MFC 1,16 2,17 3,18 18, 30 MFC 


4/24 

f SGS-THOMSON 
so —_ ESS] MIGROELECTROMICS 
880 


TIME AND SPACE DIVISION SWITCHING 


Fig. 1-6 represents, using blocks, a digital switching 
system. Individual analog lines are applied to a mul- 
tiplexer, which provides for their digitalization and 
merges them into a frame. 


The various frames are transmitted to the switching 
matrix which carries out exactly the switching fun- 
ction, building various output frames as required. 


These frames are transmitted to a demultiplexer 
which separates them into single channels, which, 
after conversion from digital to analog, are transmit- 
ted to the respective analog output lines. 


Fig. 1-6 presents an example : subscriber S1-5 wi- 
shes to be connected to subscriber S8-11 ;S1-8 with 


APPLICATION NOTE 


$4-10. 


The connection operation between S1-5 and S8-11 
involves two operations : 


1) transfer of information from layer F1 to layer F8 
(space division switching) ; 

2) transfer from position 5 to 11 (time division swit- 
ching). 

Likewise, the connection between S1-8 and S4-10 


involves space switching between F1 and F4, and 
time switching between positions 8 and 10. 


SGS THOMSON digital switching matrixes operate, 
using this technique of time and space division swit- 
ching, permitting switching without blocking, in other 
words, simultaneously of 256 channels. 


Figure 1.6 : Space-and-Time-switching Digitally encoded Signals. 
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2. INTRODUCTION TO THE M3488 DSM 


GENERAL DESCRIPTION 


The M3488 device implements a non-blocking digi- 
tal Switching matrix, which operates with a maxi- 
mum of 256 x 256 channels. 


These channels are applied and extracted from the 
device, using 8 PCM frames at 2048 Kbit/s, each 
containing 32 channels. 


The M3488 can connect each input channel with, or 
disconnect it from, any output channel in addition to 
carrying out other functions described in Section 4. 


It can also be used at lower velocity, for example, to 
switch 192 x 192 channels, organized in eight fra- 
mes of 24 channels each, at 1544 Kbit/s, using the 
North American Standard (PCM 24) or at 
1536 Kbit/s. 

Finally, there is no prohibition against using the de- 
vice for non-standard applications, for example, in 
the field of Data Communications. A few examples 
are cited in Section 6. 


KEY FEATURES 
- A256 input and 256 output channels digital swit- 
ching matrix ; 


. Abuilding block designed for large capacity elec- 
tronic exchanges, subsystems, voice-data 
PABXs ; 


. European Primary System compatible (32 chan- 
nels per frame) ; 

. North American Standard (T1 System) compati- 
ble (24 channels par frame) (*) ; 

. PCM input and output mutually compatible ; 

. Actual input-output channel connections stored 


and modified using an on-chip 8-bit parallel mi- 
croprocessor interface. 


- 6 main functions or instructions available ; 

- 5-volt power supply ; 

- MOS and TTL input/output levels compatible ; 

. High density advanced 1.2um HCMOS3 pro- 
cess. 

(*) For further information, see below, Section 6. 


3. M3488 INTERNAL STRUCTURE 


The component includes a Speech Memory, Control 
Memory, circuits for Serial to Parallel Conversion of 
incoming PCM links and for Parallel to Serial Con- 
version of the outgoing PCM links and a Bidirectio- 
nal Interface for an 8-bit microprocessor. In addition, 
the M3488 performs other useful functions, such as 
Byte Insertion and Extraction, Addressing Memory 


Reading and 0 Channel Extraction. Referring to Fig. 
3-1, the following functional blocks can be distingui- 
shed : 


. lime Base 

- Serial Parallel Converter for the PCM input links 
. Speech Memory 

. Control Memory 

. Internal PCM Bus 

. Parallel Serial Converter for the PCM output links 
. Control and Interface Logic to and from the uP 


TIME BASE 


The time base generates the internal synchronous 
timing signals, using only two external signals, the 
clock (4.096 MHz) and the frame synchronism 
(8 KHz), supplied to the corresponding external pins 
of the device (CK and SYNC pins). The time base 
provides two ring counters, generating two sets of 
timing signals (e1 to e8 and u1 to u8), used for Serial 
to Parallel Conversion of input time slots and Paral- 
lel to Serial reconversion of output PCM time slots, 
respectively. 


The time base consists mainly of a fast synchronous 
parallel resettable counter of which stages are obtai- 
ned by repeated clock division and grouped into three 
subsets : the first, CT1, starting from the 250ns rate, 
generates the time phases controlling the 41s input 
and output time slot servicing ; in particular, the signal 
Q3 (41s) specifies two working phases : one dedica- 
ted to the microprocessor interface operations, the 
other related to PCM operations. The other two sub- 
sets, CT2 and CT3, operating synchronously with re- 
spect to CTi, generate the sequential channel 
addresses for control memory reading and for speech 
memory reading, respectively. 


The counter CT2 addresses the control memory, 
using the output PCM channel address increased by 
one ; the counter CT3 addresses the speech memo- 
ry, using the input PCM channel address decreased 
by one. This address difference is necessary to 
compensate for the internal component delay due to 
input and output PCM conversion. 


INPUT SERIAL TO PARALLEL PCM CONVERTER 


During each time slot (41s), the 8 serial PCM (2048 
Kbit/s) input bits are regenerated and sampled using 
a 500 ns clock signal, QO, and then are stored in 8- 
bit latches clocked by the input ring counter’s e1 to e8 
signals. As soon as the 64 bits are updated, they are 
written, using a single write pulse, into the speech me- 
mory at the corresponding input channel address, se- 
lected by subset counter CT3, performing the parallel 
conversion in the same writing operation. 
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which memorizes for Each Frame the 


) 


SM 


Contents of All 256 Channels, and the Control! Memory (CM) which contains Information on 
the Status of the 256 Output Channels (connected or not connected, loaded by the micro with 


a given byte 


The Fundamental Blocks are the Speech Memory ( 


Figure 3.1 : 
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SPEECH MEMORY 


The memory is organized as 32 planes of 8 rows and 
8 columns each ; every plane corresponds to an in- 
put PCM channel, every row to a bit of content and 
every column to an input PCM line. The working cy- 
cle is about 4us, with this time dividedinto 2us pha- 
ses. The first one consists of eight 250 ns cycles : 
one particular cycle is devoted to memory updating 
according to input channel data ; in the other cycles, 
functions engaged by the yP interface logic can be 
performed at random in the memory (that is the case 
of PCM output channel reading). In the second, me- 
mory is cyclically read 8 times, using the control me- 
mory addresses, CO to C7 (switching function). 


CONTROL MEMORY 


Control Memory is organized in 32 planes of 9 rows 
and 8 columns each ; every plane corresponds to 
any output PCM channel, every row to a content bit 
and every column to an output PCM line. The Con- 
trol Memory working cycle is similar to the Speech 
Memory. 


During the first 2us phase, the Control Memory is 
idle and normally accessible to pP interface. On oc- 
casion, because of network connection updating or 
uP requests, some cycles are stolen here for this 
purpose. During the latter 2us phase, the memory 
is read eight times, using the addresses coming 
from the time base (subsets CT1 and CT2). The out- 
put contents of 9 bits each are used as addresses 
for Speech Memory (CO to C7) and as a control si- 
gnal for switching the internal PCM bus to the proper 
Control or Speech Memory output data (C8). 


INTERNAL PCM BUS 


Speech and Control Memories are connected to the 
internal 8-bit parallel bus. The 9th Control Memory 
bit controls each memory’s output during the switch 
function ; otherwise, it is forced by the uP interface. 


The internal bus is connected on one side to the uP 
interface to perform functions like memory content 
transfer. On the other side, the bus connects the 
PCM Parallel to Serial conversion unit. 


OUTPUT PARALLEL TO SERIAL CONVERTER 


The bytes of the internal PCM bus, belonging to the 
8 cycles previously mentioned in Control Memory, 
are saved in a group of 8 temporary registers, each 
selected by the timing signals PO to P7 (see fig. 3-1). 
When all bytes are stored, a single pulse transfer ta- 
kes place in order to supply new PCM data to the out- 
put registers. 


The proper time phases u1 and u8 sequentially scan 
the 8 output registers and simultaneously feed the 
output pins performing the Parallel to Serial conver- 
sion. The output PCM flows are resynchronized, 
using a 500ns clock signal (Q0). PCM outputs are 
open drain type. 


MICROPROCESSOR INTERFACE LOGIC 


The interface logic controls, asynchronously with re- 
spect to the PCM timing, the 8 bit data bus and the 
contro! bus to and from the microprocessor. It also 
stores, in a five byte stack, the data field and the op- 
code instruction. It gives the other internal blocks the 
necessary signals to perform the function in the right 
time phase. Moreover, it stores the status informa- 
tion, which can be read by the uP for diagnostic pur- 
poses, in two internal registers, OR1 and OR2. 


The external control bus allows the component to be 
used as_a standard 8-bit peripheral device. It con- 
sists of RD and WR signals for reading and writing 
into the M3488 respectively, and the C/D signals, 
which selects between data and operating the code 
of command bytes to the written into the M3488. Si- 
gnals CS1 and CS2 activate the component when 
other peripheral devices are connected to the same 
bus. 


Signals A1, $1, A2 and S2 allow more M3488s to be 
connected in a simple way to obtain non-blocking 
matrix structures. An M3488 in a match condition 
where Ai = S1 and A2 = S2 is active, while the oth- 
ers are automatically disabled. 


.4. FUNCTIONAL DESCRIPTION 


The device, controlled by the microprocessor, im- 
plements six different instructions. A specific fun- 
ction is executed after the microprocessor has 
transmitted, using the data bus, the data bytes and 
the command bytes. 


Two or four data bytes carry the information neces- 
sary for the correct interpretation of the function. The 
command byte follows these with the operative co- 
ding information necessary for M3488 to execute 
the function. 


Brief descriptions of individual functions are given 
here. For further information, the M3488 data sheet 
for the device should be consulted. 


FUNCTION 1 : CHANNEL CONNECTION/DI- 
SCONNECTION 


This function permits the formation of anew connec- 
tion between a given input channel (Cin) and agiven 
output channel (Court). See fig. 4-1. 
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The message coming from the microprocessor con- 
sist of four data bytes plus a command byte. 


The first two data bytes carry, respectively, informa- 
tion about the PCM input line and the input channel ; 
the third and fourth bytes carry information about the 
PCM output line and the output channel. 


The first two bytes are loaded in the control memory 
cell (CM), the address of which is specified in the last 
two bytes. 


It cases of switching systems of more than 256 x 256 
channels some examples are given in Section 6 
use is made of additional M3488 chips, interconnec- 
ted as required (multi-chip matrices). 


In this case, the connection functionis executed only 
by the M3488 in match condition (Ai = Si and 
A2 = S82) ; all the other M3488s of the multi-chip ma- 
trix involved with channel Court will execute a di- 
sconnection operation from that selected output 
channel (Cour). 


FUNCTION 2 : CHANNEL DISCONNECTION 
Disconnect the selected output (Court). See fig. 4-2. 


The message coming from the microprocessor is 
made up of two data bytes plus a command byte. 


The first and the second bytes carry, respectively, 
information about the PCM output line and the out- 
put channel which must be disabled. 


FUNCTION 3 : BYTE INSERTION/CHANNEL DI- 
SCONNECTION 


The function permits a byte furnished by the micro- 
processor to be inserted in an output data channel 
(Court). See fig. 4-3. 


The message is made up of four data bytes plus a 
command byte. 


The first and second bytes contain information for 
transferral to the PCM output channel. This 8-bit in- 
formation is memorized inside a control memory cell 
(CM). 

The third and fourth data bytes contain, respectively, 
information on the PCM output lines and on the out- 
put channel in which the byte is to be inserted. These 
last bytes are used as an address to specify the CM 
cell in which to load the information contained in the 
first two data bytes. 


APPLICATION NOTE 


As was the case for the first instruction examined, 
in the case of multi-chip matrices, this instruction is 
executed only by the selected M3488 ; all the remai- 
ning M3488s of the matrix will execute a disconnec- 
tion operation on the selected output channel. 


FUNCTION 4 : BYTE EXTRACTION 


This function permits transferral of the byte contai- 
ned in an output data channel to the microproces- 
sor, using the data bus. 


The message is made up of two data bytes plus a 
command byte. 


The first and second bytes contain, respectively, the 
number of PCM output line and of the output chan- 
nel, the contents of which are to be read by the mi- 
croprocessor. 


The PCM octet is memorized by the device in regi- 
ster OR1 ; thereafter, the microprocessor, using the 
aforementioned register’s read cycle, transfers the 
PCM sample to the CPU. 


If itis useful to read the PCM byte from an input data 
channel Cin, Cin must be connected with a particular 
output channel Cour, and thus apply the extraction 
function to Cour. See fig. 4-4. 


Figure 4.1: Connection Any of the 256 Input 
Channels (Cin) can be Permanently 
connected to any of the 256 Output 
Channels (Cour). Itis Possible tohave 
256 Connections simultaneously. 
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Figure 4.2 : Disconnection. Each Connection Pre- 
viously made can be interrupted at 
any Time. 
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Figure 4.3 : Insertion of a Byte. The Control Micro- 
processor can send a given Byte to 
Any Output Channel. 


UT 
PCM OUT 
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Figure 4.4: Extraction of a Byte. The Micro Can 
Extract from Any Output Channel 
(Cout) the Contents (Bout) at the 
Time of the Request. 


PCM OuT 
Cour oir) 


FUNCTION 5 : CONNECTION MAP READING 


This function makes it possible to know, starting 
from a particular output channel Cour, the contents 
of the corresponding control memory cell CM, the 
address of which is exactly the same as Court. See 
fig. 4-5. 

As already explained in Section 3, each control me- 
mory cell CM is made up of nine bits (C8, C7.... CO). 


If the ninth bit is equal to zero, the eight remaining 
bits (C7, C6.... CO) provide information concerning 
the input channel Cin connected simultaneously 
with Court. In particular, C7, C6 and C5 provide the 
PCM input line number, while C4, C3, C2, C1 and 
CO provide the relevant Cin channel number. 


On the contrary, if bit C8 is equal to one, two possi- 
bilities can be examined : 


a) byte C7, C6.... CO is equal to 11111111 —in this 
case, output channel Court is not connected to 
any input channel Cin, and the microprocessor 
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never loaded any byte on the basis of instruc- 
tion 3 ; 

b) byte C7, C6.... CO is not equal to 11111111 — 
also, in this case, the Cout channel is not con- 
nected to any input channel Cin, however, the 
aforementioned byte is a copy of the one which 
the microprocessor has already loaded in Court. 


The message coming from the microprocessor is 
made up of two data bytes plus a command byte. 


The first and second bytes correspond, respectively, 
to the number of PCM output line and to the Cout 
channel, and, as already mentioned, correspond to 
the CM cell address whose contents the micropro- 
cessor must read. 


Bits C7, C6.... CO are memorized in the OR1 regi- 
ster, while bit C8 is memorized in the OR2 register. 


With two read cycles, the microprocessor can thus 
transfer the contents of the two registers OR1 and 
OR2 into the CPU. 

Control 


Figure 4.5: Reading the Memory. 


Through This Operation the Micropro- 
cessor Can Read the Status of Every 
Output Channel. 


FUNCTION 6 : CHANNEL 0 CONNECTION 
MASK STORE/DATA TRANSFER 


This last function is used to extract information rapi- 
dly from channel 0. See fig. 4-6. The indispensable 
requirement for the extraction to take place is that 
the two most significant bits of the byte contained in 
channel 0 not be equal to 01. 


The PCM input lines from which the 0 channels are 
extracted are selected by using the microprocessor 
to load two data bytes, comprising the mask byte 
and a command byte. 


The contents of channel 0 are available from the 
OR?1 register, from which the microprocessor can 
transfer them externally by successive reads from 
the same register. 


Experimental testing has shown that, with a CPU 
clock of 4.000 MHzin atime frame (125y1s), itis pos- 
sible to extract the 0 channels from all eight PCM li- 
nes. 


Figure 4.6 : Rapid Extraction of Channel 0. Allows 
the Extraction of the Contents of the 
Active Channel Zeros and Channels 
with the Most Significant Bits Not 
Equal to 01. 
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5. VARIOUS NOTES AND CONSIDERA- 
TIONS ABOUT THE M3488 


In this section, certain aspects of the timing and ope- 
ration of the device will be described in some detail. 


In order to better understand the subject matter, it 
is recommended to have already read the compo- 
nent’s data sheet. 


SYNC TIMING 


One of the aspects which should be handled with 
particular attention in the use of the component is 
the timing relation between the synchronization si- 
gnal (SYNC) and the clock signal (CK). 

The SYNC signal, specifically its rising edge, speci- 
fies the beginning of the frame and, thus, bit 0 of 
channel 0. 


The zone sketched in fig. 5-1 shows the areas of 
possible transition of the rising and falling edges of 
the SYNC signal with respect to the CK signal. 


The absolute value of the width of this zone (tv) is : 
tv (SY) = tex — ta — tut (SY) — tsH (SY) 


in which : 

tv (SY) is the maximum time width of the area 
of the rising edge of SYNC ; 

tcK is the clock (CK) period ; 

tr is the maximum clock (CK) rise time 

Figure 5.1: 


(= 25 ns) ; 

tHL (SY) is the SYNC minimum low level hold 
time (= 30 ns) ; 

tsH (SY) is the SYNC minimum high level set-up 
time (= 80 ns). 


The falling edge of SYNC can take place anywhere 

if the length of level 1 is greater or equal to tcx and 

the length of level 0 is greater than or equal to : 
ts. (SY) + tR + tH, (SY) = 115 ns, 


being the SYNC min low level set-up 
time (60 ns). 
PCM INPUT SIGNAL TIMING 


Another very important point is the timing relation- 
ship between the PCM input signals and the SYNC 
signal. 


{SL (SY) 


In many cases, itis of majorimportance to know how 
much the eight PCM input signals can be mutually 
dephased with respect to the CK signal. 


Fig. 5-2 presents an example of dephasing of the 
general PCM input signal with respect to CK. To bet- 
ter illustrate this aspect in the figure, the PCM input 
signal is represented both with the minimum, and 
with the maximum, permissible delay. 


In the same figure, an extremely interesting aspect 
is evident, namely, that the various PCM input flows 


SYNC Signal Timing. The Shaded Zones are the Regions of Possible Transitions. The Rising 


Edge of SYNC Determines Bit 0 of Channel 0. 
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are able to mutually tolerate dephasing at a level of 
nearly one bit-time. 


Indeed, the time variation between the PCM inputsi- 
gnals with minimum and maximum permissible de- 
lays, ty (PCM), is as follows : 

tv (PCM) = (2 = tex) — (tH (PCM) + tr (CK) + ts (PCM)) 
Therefore, referring to fig. 5-2 ; 

tv (PCM) = (2 « tcx) -70 ns. 


APPLICATION NOTE 


In the case of the European PCM (2048 Kbit/s), tv 
(PCM) = 418 ns, or 86 % of bit-time. 


In the case of the North American PCM (1544 Kbit/s, 
tv (PCM) = 577 ns, or 89 % of bit-time. 


This fact suggests one of the component's possible 
alternative applications, namely that of the PCM 
flow rephaser for delays included in values which 
have already been mentioned. 


Figure 5.2 : Timing of the PCM Input Signal (INP PCM). This Diagram Illustrates the Cases of (INP PCM) 
with the Minimum (b) and Maximum (c) Tolerated delay Referred to the Clock Period (a) Cor- 
responding to Bit 0 of Channel 0. Note That the Regions of Possible Variation Correspond to 


Almost One PCM Bit Period. 


(bit 7.time slot 31) 


INP PCM 
(min delay) 


INP PCM 
(max delay) 


PCM OUTPUT SIGNAL TIMING 

Fig. 5-3 shows the areas of variation of the edges 
of the PCM output signal with respect to the CK si- 
gnal, the PCM input signal with maximum and mini- 
mum delay. 


The width of such areas amounts to 155ns. 


(bit O.time stotO) 


(bilttimesiotO) 


| tyipom):2tcK -70ns 


40ns ty(pcM) 


bit 7,time slot 31 \ bit O.time slot 0 |X bit L.time slot 0 


eens 


bit6 time siot 31 2 bit 7,time stot 31 R} bit O. time stot O 


Also, the figure clearly indicates the possibility of 
using the PCM output flows as PCM input flows, in 
other words, to create a loop between the PCM out- 
puts and inputs. 


This could be used for test operations or for introdu- 
cing frame delays into the PCM flow. 
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Figure 5.3 : Timing of the PCM Output Signal (OUT PCM). The Shaded Regions Indicate Where the Tran- 


sitions May Take Place. 
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READ AND WRITE TIMING 


The M3488 device requires that the PCM signals be 
correlated with the CK signal. 


In theory, the microprocessor interface signals could 
be completely asynchronous with the CK signal. 


In reality, that is completely true only in cases where 
M3488 is not inserted in a multi-chip matrix. In this 
last case, it is indeed to be recommended to link the 
RD and WR signals to the CK signal. 


In particular, their rising edges must be delayed with 
respect to the falling edge of CK in a single phase, 
tv (RW), in the range between 20ns and (20ns + twL 
(CK) = 120ns. 


(bit O.time slot 0) 


(bit 7, ti time siot 0) 


——— 
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WY i (bit 0, time slot 0) iH 


Fig. 5-4 presents an example of areas of transition 
among the rising edges of the aforementioned si- 
gnals with respect to CK. 


Given certain special conditions which are very diffi- 
cult to deal with, problems could occur if the recom- 
mended synchronization for a multi-chip switching 
matrix is not respected. The connection of the rele- 
vant M3488 will be carried out before the disconnec- 
tion of the output channels of all the remaining 
M3488s of the matrix. 


This could cause an error in the correlation of the 
first bit in the first byte of the signal transferred. 


Figure 5.4 : The Shaded Area Shows the Recommended Variation in the Rising Edge of the READ and 
WRITE Signals in the Case of Multi-chip Matrices. 
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Anyhow, this only concerns the first byte transferred 
; there will be no problem with those following. —__ 
Another interesting parameter concerning the RD 
and WR signals is the minimum timing interval to 
maintain between two consecutive cycles, in other 
words, between the two rising edges. 


The timing, tRep, is a CK period function, namely : 
trep = 40 ns + 2 tck + twt (CK) + tr (CK). 
When tck = 244ns, trep = 653ns. 


The reading operations of the OR1 and OR2 regi- 
sters during instruction 6 are the only exceptions. 


In this case, a request is indeed made for the mini- 
mum time between RD rising edges to be 3 CK pe- 
riods for sequences from OR1 to OR2, and 13, for 
sequences from OR2 to OR1. 


INSTRUCTION EXECUTION TIMING 


Within a time slot (3.92us for PCM input flows of 
2048 Kbit/s), there are 16 CK periods. Each period 
corresponds to a machine cycle. 


Of the 16 cycles contained in a time slot, 8 are free 
and are used to carry out instructions received from 
the microprocessor. Fig. 5-5 shows the internal di- 
stribution in a time slot with these cycles. 


Physical time for internal execution of an instruction 
amounts to 5 cycles, excluding loading time for data 
bytes and commands coming from the microproces- 
sor. 

This time can be increased by 8 cycles if the instruc- 
tion execution is not complete before the beginning 
of the block of 8 cycles reserved for internal opera- 
tions. 


Moreover, if instruction 6 is activated, all other in- 
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structions will be processed after instruction 6 has 
been completed or, at the latest, at the beginning of 
the new frame. 


By activating instruction 1 (Connection/Disconnec- 
tion) between a given input channel Cin and an out- 
put channel Court, the byte transferred to Court 
corresponds to the byte taken from Cin in the same 
or the preceding frame, based on the relative posi- 
tion of Court with respect to Cin. 


In particular, if the number of Cout channels 
(NCour) is greater than or equal to two units as com- 
pared with the number of Cin channels (NCin), the 
connection occurs in the same frame. 


6. APPLICATIONS 


EXCHANGE NETWORK 


The M3488 device was designed to be used as aba- 
sic element in large-scale switching systems, with 
up to 65536 connections. 


An example of a structure which could be used for 
this purpose is shown in fig. 6-1, which shows that 
a system of 64 K users (2048 PCM links, each ha- 
ving 32 channels) is made up of eight central modu- 
les, each with a capacity equal to 8 K connections 
(256 PCM links, each having 32 channels) and of 
(256 + 256) M3488 peripherals. 


Fig. 6-2 shows the internal organization of a central 
module with 8 K connections. 


It should be noted that it is made up of eight swit- 
ching units, each with a capacity equal to 1 K con- 
nections (32 PCM links, each having 32 channels) 
and of (82 + 32) M3488 peripherals. 


Figure 5.5: The Division within Each Time Slot Between the Time Reserved for Internal Processing and 
That Reserved for the Execution of Commands Supplied by the Microprocessor. 
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Figure 6.1 : Simplified Block Diagram of a Switching Matrix with 65536 Channels Concentrated in 2048 
PCM Links at 2048 Kbit/s Each. 
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Figure 6.2 : Simplified Block Diagram of a Switching Module Four 8192 Channels Concentrated Into 256 


PCM Links at 2048 Kbits/s. 


The internal structure of a switching unit with 1K con- 
nections is shown in fig. 6.3. 


It is made up of 16 M3488s organized in a square 
matrix (multi-chip matrix). 

It is important to stop, finally, with this last structure, 
insofar as it could, without any variation, be used as 
a PABX switching matrix, up to 1000 lines. 


The 1000 lines, or, more precisely, 1024, are con- 
centrated in 32 PCM flows at 2048 Kbit/s. 


All 16 M3488s have microprocessor interface si- 
gnals in common (D7 to DO, RD, WR, C/D, RESET), 
as well as CK, SYNC and selection pins A1, A2 and 
CS2. 


Also, all 4 M3488s belonging to the same column 
have the same output channels in common and all 


0 
M3488 0 


$=-s201N 


4 M3488s belonging to the same row have the same 
input channels. When the microprocessor needs to 
execute an operation on a certain output channel 
Court, the relevant M3488 column is chosen from 
among the chip select signals CS10, CS11, CS12 
and CS13. 


Thus, the microprocessor transmits the relevant by- 
tes which, obviously, are received by all the M3488s 
of the matrix. 


However, only one of these M3488s should execute 
the instruction. 


The single M3488 which should execute the fun- 
ction request is the one in which pins S1 and S2 
have been connected to Vcc and Vss in such a way 
as to correspond to the signals present, respective- 
ly, on the common wires A1 and A2. 
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Figure 6.3 : Switching Matrix for 1024 Channels Concentrated Into 32 Links at 2048 Kbits/s. 
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Figure 6.4 : Switching Matrix for 512 Channels Concentrated Into 16 PCM Links at 2048 Kbits/s. 


PCM 
INPUTS 


Figure 6.5: Typical M3488-M34116-uP Configura- 
tion. One Output Stream of the M3488 
are Connected to the M34116 and De- 
dicated to the Conference Function. 


SWITCHING 
MATRIX 


M34116 


PCM 
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PCM 
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The other M3488s in the column selected recognize 
that, even though having to do with an operation of 
a channel under their control, this operation must be 
carried out by another M3488 in their column and 
they act on this basis. 


In the case of instructions 1 and 3, they carry outa 
disconnection from the relevant output channel 
Cour, instruction 5 is unaffected and instructions 2, 
4 and 6 are not executed. 


*Bus reading only takes place on M3488 in match 
condition (A1 = S1, A2 = S2). 


This fact greatly simplifies the controlling software of 
the matrix insofar as, when a new connectionneeds 
to be executed or a byte loaded on a certain Cour, it 
is possible to ignore the same Court disconnection 
from earlier connections because the disconnection 
is carried out automatically by the multichip matrix. 


PABX 


What was explained in the previous paragraph ap- 
plies to switching systems up to 1024 lines. 


The switching matrix for systems up to 512 users is 
represented in fig. 6-4. 


Also, in this case, it is important to demonstrate the 
great simplification in the control software determi- 
ned by the use of $1, S2, Al and A2 for the choice 
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of M3488 involved in operations. 


A single M3488 will suffice for switching system up 
to 256 channels. 


In the sphere of the PABX, regardless of its size, a 
function currently always in demand is the conferen- 
ce function, thatis, the possibility to interconnect se- 
veral users. 


SGS-THOMSON has developped a device for this 
purpose, called CONFERENCE CALL (M34116), 
which is used in conjunction with the M3488 to carry 
out this function. 


In addition M341 16 is able to generate up to 7 tones 
+1 Melody simultaneously fully programmable in 
amplitude, duration and frequencies saving all the 
circuitry normally dedicated to tone generation in- 
side a PABX. 

Fig. 6-5 demonstrates this application. 

The M341 16 is also controlled by an 8-bit microproc- 
essor, and, therefore, has been given a parallel in- 
terface for the microprocessor, using characteristics 
exactly the same as those available in the M3488. 

In order to carry out a conference operation, it is es- 
sential to reserve a PCM output and input in the ma- 
trix, for which, when using a single M3488, switching 
capacity decreases to (224 x 224) users. With a sin- 
gle M34116, it is possible to carry out from 1 to 29 
conferences simultaneously, with the only limitation 
being that the total number of users involved in the 


Figure 6.6 : With a Single M34116 It is Possible to 
Realize from 1 to 29 Independent 
Conferences with a Total of up to 
32 Channels Conferenced. 


PCM Our 
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conferences must be less than 32 ; fig. 6-6 illus- 
trates this aspect. 


With reference to fig. 6-7, in which the case of three 
users in conference is examinated, we can see 
which phases are required to bring about a confer- 
ence : 


1) the channels to use for the conference (A, B and 
C, in the example) are allocated in any channel 
position of the reserved PCM bus. The operation 
is carried out by the M3488. 


the supplementary channels are added together, 
in other words, the contents of channel B arere- 
placed by the sum of channels (A and C) etc. This 
is carried out by the M341 16. These sum signals 
are loaded in the reserved PCM output bus. 


3) the sum signal are withdrawn from the reserved 
PCM bus and switched into the relevant output 
channels. This operation is carried out by the 
M3488. 


Itis also possible to use the M34116 in a multi-chip 
switching matrix - see fig. 6-8 - or use more than one 
M34116 in the same matrix - see fig. 6-9. 


2 


—— 


Figure 6.7: Example of a conference with three 

channels ; A, B and C. 

1) The M3488 allocated A, B and C to 
the PCM stream applied to the 
M34116. 

2) The M34116 processes the chan- 
nels A, B and C, returning to the 
outputs B+C, A+C and A+B re- 
spectively. 

3) The M3488 allocates the signals 
B+C, A+C and A+B, to the outputs 
corresponding to the time slots of 
the channels A, B & C. 
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Figure 6.8 : The M34116 Can Also Been Used in 
Multichip Matrices. 
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Figure 6.9 : More Than One M34116 May be Added 
to Each Matrix to Increase the Number fo 
Conferences (10 per device). 


M34116 


For more detailed information see the M341 16 data- 
sheet. 


Finally, it is interesting to note how the M34116, on 
its own, can be used with other types of switching 
matrixes ; however, two considerations lead to re- 
commending its use with the M3488 ; 


a) M84116 PCM signal timing and microprocessor 


interface are exactly the same as those of the 
M3488 ; 


b) the command format that the microprocessor 
sends to the M34116 to program the different 
operations is the same as the one used to pro- 
gram the M3488. 


To sum up, by using the M34116 with the M3488, 
complete compatibility is obtained, both with har- 
dware and software, between switching matrices 
and the M34116. 


M3488 WITH LESS PCM LINKS THAN 32 CHAN- 
NELS 


Itis also possible to use M3488 when the PCM fra- 
mes are made up of a number of channels other 
than 32. 


Suppose that the PCM frames are made up of N- 
Channels, which will be numbered from 0 to (N-1). 


Each PCM frame will thus be made up of a number 
of bits multiplied by 8 ; this exactly equal to (N° 8). 


Also, in this case, it is necessary to respect the ti- 
ming relationship between the different signals 
shown on the data sheet ; in particular, a relation- 
ship is always carefully made between the rising 
edge of SYNC and the first clock (CK) bit contained 
in the slot time for bit 0 of channel 0. 


In order to use M3488 with these frames, it is suffi- 
cient, using the data bytes sent by the microproces- 
sor, to modify the numbering of a few channels. 


In particular : 


a) in all instructions in which reference is made to 
the input channel (N-1), the number 31 should be 
substituted for the number (N-1) ; 


b) in all instructions in which reference is made to 
the output channel 0, the number N should be 
substituted for the number 0. 


These variations can be made insofar as the M3488 
is internally programmed to execute the different 
operations using 32 channels. 


In particular, during the time slot which corresponds 
to the last channel of the frame, channel (N-1), the 
M3488 loads the bits corresponding to the next chan- 
nel to be output in the next slot time into its registers. 


We consider this last channel to be channel 0, but 
for the M3488 it is Channel N ; indeed, the M3488 
draws the bits that it will successively output from the 
corresponding cells of Channel-N. 


Likewise, during the general time slot X, M3488 lo- 
ads the PCM input frame bits corresponding to 
channel X ; simultaneously, it memorizes the bits 
loaded in the previous time slot into the Speech Me- 
mory (SM) memory location corresponding to chan- 
nel (X-1). 
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Therefore, during the time slot corresponding to 
channel 0, M3488 memorizes the bits received’ in 
the previous time slot, which we consider to be chan- 
nel (N-1), in the SM memory locations correspon- 
ding to channel 31. 


For whoever wishes to connect the input channel 
(N-1) to any output channel, the same channel's 
PCM samples will be drawn from locations reserved 
for channel 31. 


M3488 WITH THE NORTH AMERICAN PCM 
STANDARD 


The operation of the M3488 with PCM frames using 
the North American standard can be considered a 
special case of the operating mode described in the 
previous paragraph. 


The only variable in this case is the presence in each 
frame of an auxiliary bit (bit X), for which the total 
number of bits in a frame is : 


(24 channels . 8 bits) + 1 bit = 193 bits/frame 


As in the preceding case, in alteration in the num- 
bering of the canals is introduced, in particular, the 
number 23 is replaced by the number 31 in every 
case in which reference is made to the last channel 
of the PCM input frame, and in every case where ref- 
erence is made to output channel 0, the number 0 
is replaced by the number 24. 


Also, the signals for synchronization (SYNC) and for 
clock (CK) are modified as shown in fig. 6-10. 


In particular, the rising edge of the SYNC signal 
must appear in bit X’s bit time (the 193rd of the PCM 
input frame). The single variation in the timing of this 
signal as far as the MCK and CK signals is concer- 
ned in that the minimum time for twH SYNC high le- 


vel width must be from 1 tcx to 3 tcx and thus with 
(3 . 324) ns = 972ns. 


The clock (CK) signal to be applied to the M3488 
(pin 6) must be frozen for two clock periods during 
bit X’s bit time. A scheme which is recommended for 
obtain CK beginning from the MCK and SYNC si- 
gnals is shown in fig. 6-11. 


The signal bits located in the PCM input frames are 
ignored, while, in the corresponding positions of the 
PCM output frames, they assume the same logical 
values of the 0 bits of channel 0. 


If you use the M3488 with an M34116 the scheme re- 
commended of fig. 6.11 is not necessary. In fact the 
"frozen clock" is provide by M34116 itself (pin EC). 


Therefore is enough to connect pin EC of M34116 
to pin CK of M3488. Of course the SYNC signal must 
be the same as shown in Fig. 6.10 and must be con- 
nect both to M3488 and M34116. 


DATA FLOW SWITCHING 


A very simple, but very important, application of the 
M3488 is that of using it to switch PCM or other high 
speed data links. 


To enable this function, it suffices to switch all rele- 
vant input channels to their preselected output 
channels. 


The data rate of these data flows can have any value 
less that the maximum permissible velocity (2048 
Kbit/s). 


Obviously, the CK frequency must be the double of 
the data rate chosen, while the SYNC frequency 
must be included between 1/16 and 1/256 of the 
same data rate. 


Figure 6.10 : Timing of the CLOCK, SYNC and PCM IN Signals for 1544 Kbit/s PCM Streams. At the 193 rd 
Bit (bit X) the CLOCK Signal applied to the M3488 is frozen for two Periods. 


bit 7-ch 23 
MCK 
(3088 MHz) 
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Figure 6.11 :Auxiliary Circuit to use the M3488 with 1544 Kbits/s PCM Streams. This Circuit is not necessary 


if the M3488 is used with an M34116. 


MCK 
(3 088MH z) 
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It is particularly interesting, in this application, to de- 
monstrate a characteristic of the M3488 which has 
already been mentioned and, therefore, of the fact 
that the device accepts that a certain delay can exist 
between one data flow and another. 


The absolute value of the maximum acceptable de- 
lay is not constant, but depends on the velocity of the 
data flow ; in any case, it is always greater than 80 
% of bit time. 


This obviously means that when the data flows are 
not generated internally, but come from peripheral 
devices located at different distances - See fig. 6-12- 
within certain limits, itis not necessary to equalize the 
delays caused by variable arrival times. 


ICtsM74HC4520 
IC2=M74HCO2 
1C3-M74HCO4 


W61C3 
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RS232 C/V-24 DATA INTERFACE SWITCHING 


One of the alternative fields for possible use of the 
M3488 is that of DATA COMMUNICATIONS. 


Fig. 6-13 presents the block diagram of one of the 
possible applications : a device which allows for 
switching between the V-24 interface of four DTEs 
and the V-24 of four DCEs. 


As is well known, the RS232 C/V-24 is one of the 
most common connection interfaces between Data 
Terminal Equipment (DTE), i.e., computers and ter- 
minals, and Data Communication Equipment 
(DCE), i.e., modems, etc. 


Figure 6.12 :Structure of a PABX with Peripheral Concentration Blocks. Note That the CE-PP Connections 


are PCM Links. 
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Figure 6.13 :Switching Matrix for Parallel Data Interfaces (eg : RS232C/V24). Signals from the Parallel In- 
terfaces are Serialized, Switched and Parallelized. 
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fig €©-2 BLOCK OIAGRAM OF RS 2920/1 V6 
OATA INTERFACE SWITCHING 


The table in fig. 6-14 presents the names of 25 di- 
stinct pins which determine the interface and the di- 
rection of the same signals (13 DCE — DTE and 8 
DTE — DCE). 


The basic idea of the device is to sample, using a 
frequency of 115.2 KHz, the 21 usable interface si- 
gnals, serialized at a velocity of 1843.2 Kbit/s, and 
send or receive them through the switching matrix 
exactly as if they were PCM streams. 


In the case of interfaces coming from DCE, of the 21 
usable signals, 13 are signals inputting the device, 
and 8 outputting it, thus it is necessary to run a pa- 
rallel/serial conversion on the first, and obviously, 
serial/parallel on the second. 


For reasons of simplicity in the serialization phase 
for the 13 bits, three bits are added so that every 
sampling period (8.7 ys) will amount to exactly two 
octets ; in the parallel/serial conversion phase, the 
three additional bits are disregarded. 


Concerning the DTE, the discussion is similar, with the 
obvious exception of the fact that the signals under- 
going serial/parallel conversion are 13 and those which 
undergoing parallel/serial conversion are 8. 


ky SGS-THOMSON 


To these last 8 bits should be added, for the same 
reasons mentioned before, 8 bits so that, during 
each sampling period, exactly 16 bits are serialized. 


An input and an output made available by the M3488 
are reserved for each interface. 


The M3488 views the data streams which are ente- 
ring exactly if they were PCM frames at 1843 Kbit/s. 


In this case, the difference is that the number of 
channels used is only two, thus each two octets re- 
quire that the M3488 internal channel counter be re- 
set to zero. 


This is obtained simply by raising the frequency of 
the SYNC signal from the usual 8 KHz to 115.2 Khz, 
in other words, to use as SYNC the same signal 
used to sample the interfaces (see fig. 6-13). 


Wanting, for example, to switch the V-24 from DCE1 
to that of DTE4 is sufficient through the microproces- 
sor sending to the M3488 instructions for connecting 
channels 0 and 1 of input 0 with channels 0 and 1 
of output 7, channels 0 and 1 of input 7 with O and 
1 of output 0. 
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Figure 6.14 : RS-232-C/V. 24 Data Interface Connector Pin Assignements. 


ae Direction 
CCITT SIGNAL NAME 


Protective Ground 
Transmitted Data 
Received Data 
Request to Send 
Clear to Send 
Data Set Ready 


Signal Ground (Common 
Return) 


Received Line Signal 
Detector 

Unassigned 

Unassigned 

Select Tx Frequency 
Secondary Received Line 
Signal Detector 
Secondary Clear to Send 
Secondary Transmitted Data 
Transmit Signal Element 
Timing (DCE Source) 
Secondary Received Data 
Receiver Signal Element 
Timing (DCE Source) 
Local Loopback 
Secondary Request to Send 
Data Terminal Ready 
Signal Quality Detector 
Ring Indicator 

Data Signal Rate Selector 
(DTE Source) 

Transmit Signal Element 
Timing (DTE Source) 
Test Indicator 


Obviously, it is possible to carry out simultaneously Using more M3488s extends at will the number of 
all four connections in any combination. interfaces thus switchable due to their subdivision 


Using M3488 instead of standard analog cross- | between DTE and DCE V-24s. 

point besides switching, you can also implement ad- Finally, there are no limits to the use of this system 
dition functions as monitoring or programming by uP for switching other interface types. 

the status of the interfaces using the instruction 3 

and 4 of the M3488 itself. 
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PROTECTION CONCEPTS IN TELECOMMUNICATIONS 


| INTRODUCTION 


The goal of a telecommunication network (fig.1) 
is to permit data exchange (speech or digital) 
between two or more subscribers. 


The network is made up of different parts which 
are subject to various disturbances. 


The most susceptible elements are the lines, 
due to their length and their geographical 
location. 


Disturbances strike the lines and are then 
propagated to the extremities of the lines at 
which lie telephone sets and the subscriber line 
interface cards (SLIC). 


So the lines receive two kinds of overvoltages : 


Surges of short duration with high peak voltage 
value (a few hundred micro-seconds for a few 
thousand volts). These are generated by 
atmospheric phenomena. 


Surges of long duration with medium voltage 
value (greater than one second for a few 
hundred volts RMS) which are due to the mains 
AC power networks. 


The purpose of this application note is to 
analyse these 2 kinds of overvoltages . 


Figure 1 Classical telecommunication 


network topology 


EXCHANGE EXCHANGE 


PABX 
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Il OVERVOLTAGES ACROSS TELECOM- 
MUNICATION LINES : 


[l.1 Atmospheric effects : 


Lightning phenomena are the most common 
surge causes. They are mainly due to a voltage 
difference between the ground and the clouds (a 
few 100 kV). Two kinds of strikes may occur: 


1) Negative discharge with a peak current of 50 
kA, rise time of 10us to 15us and 100us 
duration. 


2) Positive discharge with a peak value of 150 
kA, rise time between 20us and 50us anda 
duration between 100ms and 200ms. 


The lightning effect appears on the lines in two 
ways. 


— Direct shock. 
— Induced shock. 


Figure 2 : Lightning phenomenon 


IONOSPHERE 


GROUND 
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Figure 3 : Direct lightning strike 


CENTRAL 
OFFICE 


Fig.3 shows the first case which is produced 
mainly on overhead lines. ; 


Induced shock is more frequent than a direct 
shock. Lightning strikes the ground and a current 
flows in the cable shield. This current produces a 
voltage gradient which in some places is above 
the insulation capability of the cable material 
(Fig.4). 


Figure 4 : Induced strike 


SUBSCRIBER 
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Il.2 Proximity and crossing with AC mains lines : 


For these kinds of surges two cases may be 
seen : 


The first one is due to the falling of an AC mains 
cable on a telephone line. 


The second case is produced by the proximity of 
a subcriber line with an AC mains line or 
equipment (mainly capacitive coupling). 


It is interesting to note for these types of 
disturbances a RMS value of a few Amps for a 
duration of between 1 s and 15 mn. 
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lil PRIMARY AND SECONDARY PROTEC- 
TION: 


The figures in chapter Il give us an idea of the 
energy which may appear on the lines. In the 
field these surge values are lower due to the 
losses of ground resistance, the capacitive 
coupling and so on, but are signifiant 
nevertheless. 


We have to divide these disturbances into two 
families : 


High peak value and short duration (lightning) 


Short peak value and long duration (crossing 
with AC power). 


For both cases the present state of the art of 
silicon protection devices does not permit the 
suppression of these levels of energy. 


A second parameter to keep in mind is the very 
low clamping factor (1) needed by the IC’s used 
to realize the line interface. This forces the 


' designer to use a protection solution with silicon 


(fast response time/low clamping factor). 


High energy values and low clamping factor 
impose two protection levels. 


Figure 5 : Primary/secondary protection topology 


SECONDARY 
PROTECTION 


z 
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The first level called primary protection (fig.5) 
located on the connecting terminal of the 
exchange, suppresses the major part of the 
disturbance. The second level called secondary 
protection reduces the remaining overvoltage. 


(1) the clamping factor is the ratio of the normal 
operating voltage over the maximum clamping 
voltage. 
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Figure 6 : Primary/secondary protection level 
effects 


t > 50ms 


Few 10V 
OO 
A/ Overvoltage across the line without protection 
B/ Remaining voltage after the primary level action 


C/ Remaining voltage after the secondary level action 


Figure 6 shows the goal of both protection 
levels. 


In this example the surge across the line without 
protection will be several 10 kV peak value for 
several 10 ms duration (Fig.6A) 


After the primary protection the major part of the 
energy is cancelled (Fig.6.B). The remaining 
overvoltage may be a few kV (depending on the 
dv/dt of the surge and the surge arrestor 
technology used). 


Across the-second level protection the voltage 
does not exceed a few 10 Volts. 


lll.1 Primary protection : 


Actually two kinds of 
used : 

—carbon gaps. 

—gas tubes. 


primary protection are 


Figure 7 : Carbon gap based primary protection 
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Ill.1.A Carbon gaps : 


These components are made by two carbon 
electrodes. The carbon gap is a low cost primary 
protection but it has two major disadvantages : 
—its short life duration 

—its variable spark threshold. 


I1.1.B Gas tubes : 


Figure 8 : Gas tube based primary protection 


EXCHANGE 


These components are made by two metallic 
electrodes in a sealed case. Generally the 
sealed tub contains a low pressure gas. 


Figure 9 : Gas tube characteristics 


1/ Sparkover voltage 
2/ Glow discharge voltage. 


3/ Remaining voltage in switch on mode 


The major disadvantage of this kind of device is 
its response time, in fact the maximum voltage 
across the gas tube depends on the dv/dt of the 
surge. 
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II].2 Secondary protection : 
Ill.2.A Series and parallel protection : 


Figure 10 : Series and parallel protection 


MODULE 


TO BE 


PROTECTED 


1/ Series protection 
2/ Parallel protection 


The secondary protection level is generally 
achieved with two types of devices : 


The series protection ensures protection against 
the proximity of or the crossing with AC power 
lines. 


The parallel protection operates to suppress the 
overvoltages due to the lightning effects. 


* Series devices : 
Series devices operate by opening the circuit or 
by an increment of the resistance. 


Figure 11 : Fuse protection 


EXCHANGE 


The fuse is a classical case of protection by 


exchange protected by fuses and figure 12 
represents an example of the limit curve of the 
fusing action. 


Figure 12 : Fuse blowing function 


These components provide an absolute security 
after action, but their major disadvantage is the 
need for maintenance. 


Figure 13 : PTC based protection 


The PTC thermistor is a device which operates 
by very rapid resistance increase as a function 
of the temperature. 


When the surge occurs across the line, the 
parallel protection PP is activated. 


The surge current Is, generated by PP action, 
flows through the PTC device and increases its 
internal temperature. As shown in figure 14 the 
resistance value of the PTC device rises quickly 


opening the circuit. Figure 11 shows an with the temperature. 
2 keyg 2GS-THOMSON 
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Figure 14 : Resistance versus temperature 
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The major disadvantage of the fuse does not 
exist with the PTC device. Unfortunately this kind 
of component has a large tolerance, a long time 
all to its stand off point and a drift of its 
value. 


Another series device is the resistance which 
limits the current through the parallel protector. 


* Parallel devices : 


The parallel protection function may be assumed 
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devices based on_ different 


technologies. 


In fact it is clear that the future in term of SLIC 
topology is based on the use of ICs. So the 
consequent requirement for good response 
times and high clamping factor necessitates the 
use of silicon protection. 


Parallel silicon protection functions in two 
different modes. 
—The clamping mode with the TRANSIL. 
—The crowbar mode with the TRISIL. 


IV CONCLUSION 


Due to atmospheric effects and disturbances on 
mains networks, telecommunication lines have to 
be protected. Due to the improvement in 
telecommunication system technology, a need 
for fast and precise protection solutions results. 


The choice of the protection diagram will be 
done considering local standards and _ the 
technology of the devices to be protected. 


This protection will be assumed to be dual level 
—Primary level to suppress high energy. 


—Secondary level to optimize the remaining 
overvoltage. 
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VOLTAGE TO CURRENT WAVEFORM CONVERSION 
(Example Of The 10/700 us Surge) 


INTRODUCTION 


CCITT members have generated a great deal of 
recommendations which have permitted national 


A. Bremond 


administrations to publish local standards. In 
particular they have defined a 10/700 us surge 
waveform and its associated generator diagram 
(see fig.1). 


R215 Q 


“Figure 1 : CCITT 10/700 us Surge Definition 


t1 = 1.67 
t'1=10 ps 
t2 = 700 ps 


AN580/0393 


GENERATOR DIAGRAM 
OPEN OUTPUT SURGE WAVEFORM 


It is important to note that the given waveform is 
the generator output voltage without load. For a 
protection component user the most important 
parameter to take into account is the current 
waveform flowing through the — surge 
suppressor. The goal of this paper is to give the 
current waveform parameters. — 
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2 - WAVEFORM CALCULATION 
2.1 : Generator output voltage without load. 


2.1.1 : Rise time 


Figure 2 : Voltage Rise time 


The equation of this curve is : 
v(t) = Vp (1 - exp (- t/T)) 


=t=-T logn (1 -(v(t)/Vp)) = (1) 
t'1 = t(0 9) - t(0 3) 
sere In this case the time constant may be 
estimated as : 
T = Re C2 
So t(0.3) and t(0.9) will be calculated 
respectively with v(t)/Vp = 0.3 and 0.9 
t(0.3) = 1 ps 
(0.9) = 6.9 us 
and then 
ti = 1.67 (t(o.9) - to.1)) 
=98us= 10us 


Figure 3 : Voltage duration 2.1.2 : Voltage surge duration 
The equation of this curve is: 


v(t) = Vp exp (- /T)) 
=> t=- logn (v(t)/Vp)) (2) 


with a time constant due essentially 
to Ri and Ci 


T = Ri Ci 
So te may be calculated with 
v(t)/Vp = 0.5 


= 12 = 693 us = 700 us 
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2.2 Generator short circuted output current. 


In this chapter we will do the calculations with the generator output in short circuit (See fig.4), this is 
generally the case during the surge suppressor action (for example the Trisil technogy devices from 
SGS THOMSON). 


Figure 4 : CCITT 10/700 ms generator with output in short circuit 
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2.2.1 : Rise time 2.1.2 : Current surge duration. 


Figure 5 : Current rise time Figure 6 : Current duration 


t'1 = t(0 9) - t(0 3) 
ti = 167 t'1 


The formula (1) given in the chapter 2.1.1. The formula (2) given in the chapter 2.1.2. 
remains true, but the time constant must take remains true but the time constant is now due to 


into account R3 and may be estimated as : the capacitor Ci with the resistor Ri in parallel 
with Re + R3 
T = (Re Ra/(Re + R3)) C2 
SO tio 3) = 0.67 us T = (Ri (Re + R3)/(Ri + Re + Ra) C1 
tio.9) = 4.3 us 


= 1t2=308us = 310 us 
= t1 = 1.67 (t(0.9) - t(0.1)) 
=6uS= SUS 
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3 - SUMMARY 


The 10/700 ws surge waveform given by the 
CCITT recommendation is a voltage wave 
produced by the generator in open circuit. This 
curve is very important as a test reference for 
telecommunication equipment. 


The protection function designers or users have 
to know the actual current waveform flowing 
through the protector in order to optimize it. 


The 10/700 wus CCITT generator gives a 
5/310 us current wave when its outputs are in 
short circuit. (In the case of a crowbar device, for 
example Trisil). 


For certain cases the resistor R3 is equal to zero 
and then the duration time becomes 160 us. 


Please note that in certain documents we find a 
8/320 wus current wave which represents the 
same surge test. 
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PROTECTION STANDARDS APPLICABLE TO TERMINALS 


1. INTRODUCTION 


The purpose of this document is to summarize 

the main telecommunication standards with 
regard to the protection requirements against 
two types of overvoltage : ; 


- lightning surges 


- power crossing perturbations 


2. LIGHTNING SURGES 


The lightning overvoltage is simulated by a 
biexponentional wave, which is defined by the 
rise time t1 and the duration t2 between the start 
and the time at which the falling edge crosses 
half the peak value (fig.1) 


Figure 1 : Standard wave 


AN581/0393 


C. Politano 


Each country publishes it standard, which can 
be summarized by the times ti and t2, the peak 
voltage of the wave and the surge generator 
diagram. Table 1 gives on inexhaustive list of the 
standards : 


Table 1 : Lightning surges standards. 


COUNTRY |; AUTHORITY | WAVEFORM 
S 


CCITT-417 10/700 
BRITISH 10/700 
TELECOM 


PTT 0.5/700 


BUNDESPOST 10/700 


SIP 10/700 
1/1000 


1/1000 


COMPANY 
TELEFONICA 
DE ESPANA 


SWEDEN TELEVERKET 10/700 


SWITZERLAND |PTT - BETRIEBE 10/700 


1.2/50 


10/1000 
10/360 
2/10 


10/560 


10/160 
2/10 


The peak voltage value varies from 1 kV to 
2 kV according to the country. 
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The following figures give the schematics of the surge generators mainly used : 


Figure 2 : 10/700 s wave generator 


MODULE 
O2nF TO BE 


TESTED 


All resistances are given in ohms 


Figure 4 : 0.5/700 us wave generator 


MODULE 
TO BE 
TESTED 


All resistances are given in ohms 


Figure 6 : 1/1000 its wave generator 


MODULE 
TO BE 
TESTED 


All resistances are given in ohms 


Figure 3 : 1.2/50 us wave generator 


MODULE 
0.1 WF TO BE 


TESTED 


) 


All resistances are given in ohms 


Figure 5 : 10/560 us wave generator 


MODULE 
TO BE 
TESTED 


All resistances are given in ohms 


Figure 7 : 10/160 us wave generator 


MODULE 
- TO BE 
TESTED 


All resistances are given in ohms 
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Figure 8 : 2/10 us wave generator 


100 MODULE 


TO BE 


0.002 pE xe TESTED 


All resistances are given in ohms 


3. CROSSING OR PROXIMITY WITH MAINS 
AC LINES : 


Crossing or proximity is simulated by a sine 
wave generator (50 or 60 Hz) connected through 
a series resistor for a defined time (fig.9) 


Figure 9 : Crossing simulation generator 


MODULE 


TO BE 
TESTED 


For terminal applications this power crossing test 4. CONCLUSION 

is not widely required because only a few ae 

countries impose this standard. Many different telecommunications protection 
standards are currently in use around the world. 

The typical protection arrangement consists of a The SGS-THOMSON range of protection 

crowbar device plus a PTC. devices enables all of these to be covered. 
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PROTECTION SCHEMATICS FOR TELEPHONE SETS 


C. Politano 


INTRODUCTION 


The type of telephone set that is being protected 
must first be identified. 


In each case, SGS-THOMSON offers a suitable 
protection solution based on crowbar devices 
which can provide a very high surge current 
A telephone set connected to a public network Capability (from 30 Amp. to 100 Amp., 
must be able to withstand surges described in 


10/1000us pulse width). 
standards such as CCITTK17, VDE0433, 13121, Table 1 below shows the complete product 
etc. 


range available for telephone set protection. 
A telephone set connected to a private network 
is subjected to much less severe surge 
conditions. 


Table 1 : Telephone set protection product range 


3 TERMINAL 
TRISIL TRISIL 


GATE TRIGGERED 
SUPPRESSOR 
current limitation 


5S0A 100A @10/1000uS 
SMTPAxx LS5018B 

100A LS5060B 
SMTPBxx LS5120B 


30A @ 10/1000uS | 30A @ 10/1000uS 
THBT15011 


THBT2001 1 
THBT27011 


1. CHOICE OF THE PROTECTION DEVICE: 


To choose the right protection device, the user 
will have to determine’ the _ following 
characteristics : 


1) Surge current capability 
2) Functional parameters 
1.1. Surge current capability 


There are two kinds of disturbances which have 
to be evaluated in order to define correctly the 
surge current capability of the protection device’: 


AN5S82/0393 


THBT15012 TPP250114 TPP25012 
THBT20012 
THBT27012 100A@10/1000uS 
L3100B1 
1.1.1. Protection against short duration 


disturbances : 


These are transient overvoltages, which are 
specified in telecom standards such as CCITT 
k17, VDE04-33, 138121. The typical voltage 
waveforms are the 10/700us and the 1.2/ 50us 
types. 


The user has to take care that the protection 
standard specifies voltage pulse waveforms, 
which have to be converted into pulse current 
waveforms. Thus he will obtain the peak surge 
current value Ipp which has to be withstood by 
the protection device. 

(See application note 2.2 : Voltage to current 
waveform conversion). 
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1.1.2. Protection duration 


disturbances. 


against long 


In this case, the standards can be very different 
from one couniry to another, and the duration of 
the superimposed mains on telephone lines can 
reach more than 10 minutes with a current of 
around 8A. Obviously, it is not possible to 
withstand such surges with a plastic component. 
An economical and reliable solution is to use a 
PTC (positive temperature coefficient thermistor). 
These PTC devices with 10 Q resistance (at 
25°C) can reach a few k during the surge. The 
switching time depends on the surge current and 
the PTC. Nevertheless, most PTCs tested with 
an alternating surge current of 8 A react in 10 to 
100 ms. Such a device could therefore be 
combined with a TPA Trisil which is able to 
withstand 8 A for 150 ms without any problem 
(see data sheet). In case of higher current the 
TPB versions should be used. 


In conclusion, Trisil + PTC thermistor is the best 
performance / cost compromise for the 
subscriber telephone set protection. 


1.2. Functional parameters : 


To select the right CROWBAR protection, three 
main parameters have to be defined according 
to the application (see fig.1) : 


- The minimum breakdown voltage : VBR 
- The maximum breakover voltage : VBo 


- The minimum holding current : IH 


Figure 1 : Crowbar protection electrical 
parameters 


[.2.1. The breakdown voltage : Var 


The Vsar has to be greater than the maximum 


ap Cy sGs-TH 


voltage value which will be supplied in the line. 


This condition will guarantee that the protection 
is not activated in the normal operating mode 
(no overvoltage). 


1.2.2. The breakover voltage : VBo 


The breakover voltage (Veo) has to be lower 
than the max-ratings of the component to be 
protected. This level is reached just before the 
protection device switches to the ON-STATE. 
The duration of the residual transient linked to 
the break-over voltage is very short : it does not 
exceed 1 us. 


1.2.3. The holding current : IH 


When a crowbar device is used for protection, it 
is absolutely necessary to ensure that the 
holding current is higher than the maximum 
current available in the Telecom line. If this 
criterion is not obeyed, the Trisil triggers but 
does not return correctly to its blocked state after 
the disturbance. 


Since the Trisil voltage in the conduction state is 
low, the condition can be expressed by the 
inequality IH > (VL/R). See fig.2. 


Figure 2 : Equipment protection by Trisil 


EQUIPMENT 


TO BE 


PROTECTED 


This is shown in figure 3 where the current does 
not drop below the holding current. The Trisil 
cannot return to the blocked state and thus 
remains as a quasi short-circuit, preventing 
operation of the equipment to be protected. 


In the case of figure 4, the current drops below 
the value of the holding current and the internal 
mechanism of the Trisil enables it to return to 
the blocked state after the current surge. 
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Figure 3 : Wrong choice of the Trisil Figure 4 : Right choice of the Trisil 


lu< (Vi/R) ly> (Vi/R) 


2. APPLICATION DIAGRAMMS : 


Fig. 5 to 8 show typical protection solutions used for telephone sets and other terminals. 


Figure 5 : Ring and speech circuit protection Figure 6 : Monochip circuit protection 


TPA120 
SMTPA120 


TPA270 
SMTPA270 


TPA200/SMTPA200 
TPA220B15/SMTPA220B15 for French market 
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Figure 7a : Overvoltage protection and current Figure 7b : Overvoltage portection and current 
limitation (Ipp = 100 A 10/1000 us) limitation (IPP = 30 A 10/1000 ms) 


+ i= TPP250 


Figure 8a : Electronic hook switch protection Figure 8b : Electronic hook switch protection 


TPP250 g 


TPA200/SMTPA200 
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Figure 9 : German version with ground key 


THBT15011 
OR 
THBT15012 


SPEECH 
DIALLING 


RINGER 


Sue 


GROUND KEY 


3. CONCLUSION 


Whether the telephone set is connected to a public or private network, SGS-THOMSON offers a range 
of protection devices to cover all relevant standards. 
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APPLICABLE TO SWITCHING EQUIPMENT 


1. INTRODUCTION 


The purpose of this document is to summarize 
the main telecommunication standards with 
regard to the protection requirements against 
two types of overvoltage : 


- lightning surges 


- power crossing perturbations 


2. LIGHTNING SURGES 


The lightning overvoltage is simulated by a 
biexponentional wave, which is defined by the 
rise time t1 and the duration t2 between the start 
and the time at which the falling edge crosses 
half the peak value (fig.1) 


Figure 1 : Standard wave 
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Each country publishes its standard, which can 
be summarized by the times t1 and t2, the peak 
voltage of the wave and the surge generator 
diagram. Table 1 gives on inexhaustive list of the 
standards . 


Table 1 : Lightning surge standards 


COUNTRY | AUTHORITY - WAVEFORM 
S) 


PTT 


0.5/700 


BUNDESPOST 10/700 


SIP 


10/700 
1/1000 


1/1000 


COMPANY 
TELEFONICA 
DE ESPANA 


SWEDEN TELEVERKET 10/700 


SWITZERLAND |PTT - BETRIEBE 10/700 


1.2/50 
10/1000 
10/360 
2/10 
10/560 
10/160 
2/10 


USA BELL 


FCC 
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The following figures give the schematics of the surge generators mainly used : 


Figure 2 : 10/700 ps wave generator 


MODULE 


0.2 pF TO BE 
TESTED 


All resistances are given in ohms 


Figure 4 : 0.5/700 us wave generator 


MODULE 
TO BE 
TESTED 


All resistances are given in ohms 


Figure 6 : 1/1000 us wave generator 


MODULE 
TO BE 
TESTED 


All resistances are given in ohms 


Figure 3 : 1.2/50 us wave generator 


MODULE 
0.1 pF TO BE 


TESTED 


All resistances are given in ohms 


Figure 5 : 10/560 us wave generator 


MODULE 
TO BE 
TESTED 


All resistances are given in ohms 


Figure 7 : 10/160 us wave generator 


MODULE 
TO BE 
TESTED 


All resistances are given in ohms 
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Figure 8 : 2/10 us wave generator 


3. CROSSING OR PROXIMITY WITH MAINS 
AC LINES : 


Crossing or proximity is simulated by a sine 
wave generator (50 or 60 Hz) connected through 
a series resistor for a defined time (fig.9). 


Figure 9 : Crossing simulation generator 


MODULE 


TO BE 
TESTED 


4. CONCLUSION 


Telecommunications is a field in which the 
protection against overvoltages is well defined by 
standards. The SGS-THOMSON range of 
protection devices enables all of these to be 
covered. 
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MODULE 
TO BE 


TESTED ~ 


All resistances are given in ohms 


Table 2 give some example of crossing 
simulations. 


Table 2 : Power crossing simulations 


COUNTRY|VOLTAGE| SERIES |DURATION 
Volts RMS|RESISTOR 
Ohms 


0 TO 250 
0 TO 650 
0 TO 430 
(50 Hz) 


0 TO 1000 


Trains of 


> 1000 - 1s "on" 
(50 Hz) - is "off" 
-is "on" 

10 times with 


10mn between 
trains 


200 ms 


500 ms 
500 ms 
15 mn 


Note : Protection resistors on the line card inputs decrase the peak surge current. 
These elements have to be taken into account during the line card design to optimize the protection function. 


150 15 mn 
600 15 mn 
100 - 600 600 60 x 1s 
application 
SON. CS 
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PROTECTION SCHEMATICS FOR SWITCHING SYSTEMS 


1. INTRODUCTION 


The aim of this note is to summarize the major 
characteristics of a SLIC and to propose 
protection solutions for each configuration. 


2. SLIC FUNCTION 
2.1. Slic generalities : 


The Slic function is defined by the acronym 
BORCHT : 


- Battery feeding 

- Overvoltage protection 
- Ringing 

- Signalling 

- Codec 

- Hybrid 

- Test 


The important parameters to define the 
OVERVOLTAGE PROTECTION are the battery 
feeding and the ringing signal. 


2.1.A/ battery feeding : 
This sub-function of the Slic is characterized by: 


- The battery voltage typical value (generally 
between 45 and 65 V) 

- The tolerance of the voltage value 

- The possibility to switch from one value to 
another one (line cards designed to operate 
equally on normal and long lines) 


2.1.B/ Ringing signal : 


For the ringing, two parameters need to be 
taken into account : 

- The voltage value (generally between 70 and 
100 V RMS) 

- The ringing configuration (fig.1) 


2.2. Different kinds of Slic : 


There are two Slic families : 
- The Slic without integrated ring generator 
- The Slic with integrated ring generator 
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Figure 1 : Different ringing configurations 


Line 


Ground-backed Battery-backed Balanced 
ringing ringing ringing 


Figure 2a : Slic without integrated ring generator 


RING 
GENERATOR 
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2.2.A/ Slic without integrated ring generator : 


For this case the Slic IC is supplied between 
ground and the battery voltage (- Vbat). 


The relay operates the selection of functions, 
ringing mode in position 2 and the other modes 
in position 1. (see fig 2a). 


Figure 2b : Slic with integrated ring generator 


2.2.B/ Slic with integrated ring generator : 


This kind of Slic, e.g. the L3000 family of 
SGS-THOMSON, is supplied between ground, 
the battery (-Vbat) and a positive voltage (+Vs) 
up to +72 V. (see fig 2b). 


2.3. Goal of the Slic protection : 


The purpose of the protection is to suppress all 
overvoltages out of the normal operating voltage 
range of the Slic. 


We have to take into account the two kinds of 
Slic described in section 2.2. 


2.2.A/ Slic without integrated ring generator : 


As shown in Fig.3, the protection areas are 
located differently before and after the ring relay. 


Before the relay the protection must operate 
over the peak value of the ring signal (generally 
+90V and -190V). As the relay protection does 
not require a very precise clamping threshold, 
we usually use a symmetrical overvoltage 
suppressor (generally + or -200 V). 


After the relay the protection acts to suppress all 
spikes above ground and below the battery 
voltage (-Vbat). 


It is important to note that the integrated circuit 
needs a protection threshold as close as 
possible to the supply voltage. 


Figure 3 : Goal of the protection for the SLIC without integrated ring generator 


/ 


VMI// 


Vring peak Vba 
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In certain cases an internal network of diodes 
allows the output stages of the Slic to be 
oversupplied (see fig.4). 


Figure 4 : Internal diode network of the TDB7722 


2.3.B/ Slic with integrated ring generator : 


The integrated circuit L8000 of SGS-THOMSON 
is presently the only Slic of this kind. It operates 
between ground and the battery voltage for all 
the modes except for the ringing, where the 
operating area is located between +Vg (up to 72 


V) and the battery voltage (-Vpat) (see Fig.5). © 


The protection takes into account this fact and 
operates above +Vg and below -VBat. 


The diodes Di and D2 (fig.5) act when the 
L3000 operates out of the ringing mode and 
when a positive overvoltage is clamped at +Vs. 
The output stages are then temporarily 
oversupplied at +Vs. 
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Figure 5 : External diode network used with 
the L3000 


SWITCH 


/T1/ 


+Vpat 


3. APPLICATION DIAGRAMS 
3.1. Slic without integrated ring generator 


Fig.6 below shows the protection topology for 
line card protection. The protection is divided 
into two stages : 


- The high voltage protection for ring relays 
(THBTxx series) 


- The low voltage protection for the Slic. Here 
there are two possibilities : 


- Fixed breakdown voltage (THDTxx series). 
- Programmable breakdown voltage (LCPXX 
series) 


Figure 6 : Typical line card protection at PC board level 


RING GENERATOR 


LINE 
INTERFACE 
(SLIC) 


/7/] PROTECTION 


_ Kyy rtrd 


THBTxx 


HIGH VOLTAGE 
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' 3.1.1. Slic protection with fixed breakdown voltage. 


Figure 7 : Line card protection kit 


THBT200S 
THBTxx11 
THBTxx12 


A specific product range for line card protection 
is available with kit solutions (for ring relays and 
Slic protection) in S08, DIL8 and SIP3 packages. 
As shown in figure 7, they are bidirectional 
functions for relay protection and asymmetrical 
functions for Slic protection. 


These solutions provide the following 
advantages : 

- Different surge current capabilities are 
available. 


- Area used by the protection on the PC board is 
reduced. 
- Optimum cost/performance compromise is 
possible. 


Fig. 8 and fig.9 show the product range offered 
by SGS-THOMSON, with versions available also 
in axial from or in the surface mount package 
SOD15. 


RING GENERATOR 


THDT58S 
THDTxx1 1 
THDTxx12 


INTEGRATED 


SLIC 


<f-- 


Figure 8 : High voltage protection range = 
THBTxx 


TRISIL | DUAL 3 TERMINAL 
TRISIL TRISIL 
| —: 


ame AY. = 
av ; a \ 7 


SOD15 SIP3 DIL8 


SMTHBT | THBT200S | THBT15011 | THBT15012 
200 THBT20011 | THBT20012 
THBT27011 | THBT27012 


Figure 9 : Slic protection range fixed breakdown voltage = THDTxx 


HIGH SURGE CAPABILITY 
75A @ 10/1000 usec 


MEDIUM SURGE CAPABILITY 
30A @ 10/1000 psec 


SINGLE FUNCTION DUAL FUNCTION DUAL FUNCTION 


SMTHBT58 TPU58 


THDT58S 


THBT5111 THBT5112 
THBT6511 THBT6512 
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Figure 10 : Surface mount solution in SOD 15 


RING 
GENERATOR 


- 


INTEGRATED 


This solution is mainly used to benefit from the high surge current capability of the SOD 15 package 
for AC tests. Such high surge performance can only be achieved with this SMD package. 


3.1.2. Slic protection with programmable breakdown voltage 


Figure 11 : Monochip programmable breakover voltage solution 


GENERATOR 


N00 


R or PTC 
£N 
INTEGRATED 
SLIC 
R or PTC = 


THBTxx LCP1505 
LOP1511 
LOP1512 


With this solution, the protection performance is improved by the possibility of adjusting the breakdown 
voltage to the battery voltage. This function is well suited to variable battery voltage applications such 
as short / long line switching. 
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Figure 12 gives the product range with this 
function, available in SIL4, DIL8 and SO8 
packages. 


Figure 12 : Slic protection range LCPxx - Pro- . 


grammable breakdown voltage 


MEDIUM SURGE 
CAPABILITY 
30A @ 10/1000 psec 


HIGH SURGE 


CAPABILITY 
75A @ 10/1000 psec 


LCP150S LOP1511 LOP1512 


Figure 13 : L3000 protection with 2 L3121B 


3.2. Slic with integrated ring generator : (Slic 
L3000) 


Many types of Slic protection solutions exist, 
depending on : 
- The battery voltage 


- The PC board area available for the protection 
- The cost / performance compromise 


3.2.1. L8000 protection with 2 x L38121B 


This topology (Fig.13) is the most efficient one 
for this kind of Slic. 


3.2.2. L3000 protection with 2 x L3100B 


Figure 14 : L3000 protection with 2 L3100B 


Figure 14 has the same electrical behaviour as the previous one but with lower cost. 
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3.2.3. Multiline common protection : 


These types of application (Fig.15 and 16) 
decrease the cost of the protection per line. 
The major drawbacks of these solutions are : 


- The short circuit across all the lines when the 
protection device fires. 


- The current remaining through the protection 


Figure 15 : Common protection for Slic with- 
out integrated ring generator 


APPLICATION NOTE 


device after the surge is too high to allow its 
automatic switch-off. This must then be effected 
by a software instruction, e.g. power-down. 


4. CONCLUSION 


The wide range of protection devices on offer 
from SGS-THOMSON makes an_ optimized 
protection solution possible for every application. 


Figure 16 : Common protection for Slic with 
integrated ring generator 
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ISDN INTERFACE PROTECTION 


l. INTRODUCTION 


The choice of a suitable protection device for an 
ISDN line interface requires consideration of a 
parameter which is not critical in analogue line 
applications : the parasitic capacitance that the 
device introduces. Because of the high data 
rates used, parasitic capacitances must be 
minimized in order to ensure correct signal 
transmission. In particular, attention must be 
paid to the capacitance imbalance in the line 
which can cause considerable _ signal 
degradation. Such imbalance most frequently 
results from the presence of common-mode 
protection, in which the capacitance introduced 
between each line and earth is frequently 
unequal. 


SGS-THOMSON has developed a complete 
range of specific protection devices for ISDN 
applications > the "  TRIBALANCED 
PROTECTION " TPIxx series. 


Figure 1 : ISDN interface protection 


U INTERFACE 
OR 


S INTERFACE 


(a) FLOATING GROUND 
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These devices introduce only a minimum of 
Capacitance imbalance (30pF), which does not 
affect the transmission performance of the line. 


2. TRIBALANCED PROTECTION = 
TPIxx SERIES 


The use of TRIBALANCED protection is 
mandatory under the following conditions : 


- The bias voltage on line A and line B is 
different (line A = GND, Line B = -Vbat) 


- The protection is realized in common mode, as 
illustrated in fig.1 (b). 


In this case, two conditions must be satisfied : 


1) Low capacitance from line to ground — No 
signal attenuation 

2) Good capacitance balance between line a and 
line b — Good longitudinal balance on the line. 


U INTERFACE 
OR 


S INTERFACE 


(b) ABSOLUTE GROUND REFERENCE 
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3. ISDN PROTECTION - PRODUCT Discrete and monolithic versions are available, in 
RANGE : order to provide a wide’ choice of 


- . cost/performance compromises. 
SGS-THOMSON offers specific _ protection Depending on the solution chosen, different 
devices for ISDN _ interface protection. The 


capa 
product range is given in fig.2, which shows that recommendations apply with regard fo the 


ah : ate optimum configuration to use. Fig.3 illustrates 
this function is available with different package ne typical : application Sh naiic for 


versions. TRIBALANCED PROTECTION. When the 
discrete solution is used, three components per 
line are necessary. 


Figure 2 : Tribalanced protection - product range 
DISCRETE SOLUTION MONOLITHIC DEVICES 
3 devices per line 
SOD15 / CB429 SO8 / DIL8 


HIGH SURGE CAPABILITY MEDIUM SURGE CAPABILITY 


75A 10/1000 msec 30A 10/1000 msec 


SMTHDT58 / TPU58 TPI8011P / TPI8012P 
SMTHDT80 / TPU80 TPI12011P / TPI12012P 
SMTHDT120 / TPU120 


Figure 3 : Tribalanced protection - functional schematic 


DISCRETE MONOLITHIC 
SOLUTION SOLUTION 
3 X SMTHDTXX / 3 x TPUxx TPIxx 


goth |b 


e@ LOW CAPACITANCE LINE/GND » NO SIGNAL ATTENUATION 


«=> GOOD CAPACITANCE BALANCE LINE A/LINE B ® GOOD LONGITUDINAL 
BALANCE ON THE LINE 
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4. APPLICATION SCHEMATICS 


Fig.4 and 5 illustrate the use of tribalanced 
protection in a u-interface and an s-interface 
respectively. In each case there is the choice of 
a discrete solution (SGMTHDTxx or TPUxx) where 
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a high surge capability is required, or a 
single-chip solution for low cost (TPIxx). Thus 
cost and performance can be traded in a variety 
of combinations. All of these components are 
innovative and ideal for use in high-speed 
transmission lines. 


Figure 4 : Central office /PABX - U-Interface protection 
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Figure 5 : NT1 = S-Interface protection 


U INTERFACE 


CENTRAL 
OFFICE 


FLOATING 
GND 


5. CONCLUSION 


Due to the sensitivity of ISDN to capacitance 
imbalance on the lines, tribalanced protection 
has to be used where common-mode protection 


S INTERFACE 


ABSOLUTE GND 
REFERENCE 


of lines with different bias voltages is required. 
SGS-THOMSON offers a wide range of devices 
designed specifically for ISDN __ protection, 
enabling this requirement to be satisfied. 
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SGS-THOMSON SYSTEMS FOR 


1 - FOREWORD 


In casual language a battery pack is anything that 
supplies electrical power through a chemical reac- 
tion whose description is beyond the scope of this 
note and it is normally built by a combination (se- 
ries, parallel, or both) of cells that are the basic 
electrochemical building blocks. 

In the following a battery pack will be simply named 
battery. 

Batteries can be grouped into two distinct catego- 
ries: 

- Disposable Primary Batteries 

- Rechargeable Secondary Batteries 


This note deals with the SGS-THOMSON systems 
for rechargeable batteries but it is worth to mention 
some typical characteristics of primary batteries 
too. 


Primary batteries 


The variety of types, based on different chemistries, - 


is very high (for lithium batteries alone there are 
more than 30 different types). 

However these types of batteries share some com- 
mon characteristics: 


- Primary batteries offer significantly higher en- 
ergy density, i.e. for a given volume more watts 
per hour are available when compared with 
secondary batteries. 


- Primary batteries offer a lower self-discharge 
rate 

- Primary batteries are less expensive than sec- 
ondary 

- Primary batteries have higher internal imped- 
ance so that they have less current sourcing 
capability. 

- Thanks to standardization, replacement is easy 
world wide. 


Secondary batteries 


Despite the advantages mentioned above, there is 
a growing demand on secondary batteries because 
of: 


- Increased electrical power drain of portable 
equipment that would exhaust very rapidly the 
energy stored into a primary battery. 
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RECHARGEABLE BATTERIES 


- Increased sensitivity to the environment protec- 
tion: primary batteries must be disposed of and 
they contain materials that are hazardous for the 
environment. 


Some types of rechargeable batteries contains 
hazardous materials too but they exhibit a much 
longer usable life so that one secondary battery can 
replace more than 500 disposable batteries. 

The most popular secondary batteries can be di- 
vided into three major groups: 


- Lead-acid 
- Nickel-cadmium 
- Nickel-Metal hydride 


A fourth technology, Lithium-Jon, is now reaching 
the market even if the number of manufacturers as 
well as the volumes are still limited. This new 
technology is quite promising because it will offer a 
significant leap in energy density. 


The table 1 shows some typical values for primary 
and secondary batteries that, however, can vary 
with manufacturer and battery size. 


SGS-THOMSON have developed various families 
of products for the specific application in the field of 
secondary batteries. These families are briefly de- 
scribed in the data book. It must be noted that the 
large variety of: 


- battery types and sizes. 

- available energy source (mains or car batter- 
ies). 

- connections to the final sets where batteries are 
employed. 

- ete. 


does not allow an appropriate product stand- 
ardization. Therefore the following descriptions 
deal mainly with the basic principles of SGS- 
THOMSON products. 


For specific application, please contact the local 
SGS-THOMSON organization or the Division 
Product Marketing: 


SUBSYSTEMS PRODUCTS GROUP 
SGS-THOMSON MICROELECTRONICS 
20041 AGRATE BRIANZA - ITALY 
CENTRO DIREZIONALE COLLEONI 
PALAZZO ANDROMEDA, 3 

Tel: 0039-39-635574 Fax: 0039-39-635582 
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_ Table 1: Typical battery performance at 20 °C 


Type : ‘ Energy Density 
1 Vol 
PRIMARY Nominal Voltage Weh/ Kg 


ie a 
SECONDARY 


* For button cells 


2 - BATTERY ELIMINATORS 


regulator. As typical example, a battery eliminator 


Whenever another power source is available, it may 
be convenient to preserve the battery by providing 
an alternate method to deliver the power required 
by the electronic equipment. 


In this case the battery is replaced by a battery 
eliminator that is, essentially, a constant voltage 


Figure 1. Output characteristics of GS-R28.0BE 


can be used to supply a handheld phone from a car 
battery thus avoiding the use of the phone battery 
during travels. 

For replacement of a 5/6 cell battery pack, the 
GS-R28.0BE switch mode battery eliminator can be 
used. See the corresponding data sheet. 


Peak current duration: 0,6 ms with 0,13 duty cycle 


Constant Voltage 


Constant 
Current 


Safe Operating 
Area DC Condition 


safe Operating 


Area Pulse Condition 
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3. BATTERY SAVERS 


While a battery eliminator replaces completely the 
battery pack, a battery saver is used together with 
the battery pack. The battery is charged in a float 


Figure 2. Battery Saver 


BATTERY 


SAVER 
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mode and it is maintained in a ready-to-serve con- 
dition. 
The principle is shown in fig. 2 


Figure 3. 


Constant Current 


Constant 
Voltage 


The output electrical characteristics of a battery 
saver is shown in fig. 3. 

The indicated values are relevant to a 5 cell battery 
pack. 

If the initial battery voltage is greater than 6.75V, the 
battery will supply the load and no current is deliv- 
ered by the battery saver. Therefore the battery is 
discharged by the load until its voltage reaches 6.75 
V. At this point, the battery saver, working in a 
voltage mode (vertical line of the characteristic of 
fig. 3), supplies the current required by the load and 
the battery can save its stored energy. After removal 
of the battery saver, the battery is still retaining more 
than 80 % of its capacity (for a 5 cell battery, 50 % 
of capacity correspond to about 5 x 1,2 = 6.0 V as 
shown on the discharge curve of fig. 4). 


Figure 4. 


Discharge 
Capacity % 


If the initial battery voltage is lower than the preset 
value of 6.75 V, the battery saver works in constant 
current mode (horizontal line of the characteristics 
of fig. 3) by delivering a constant current of 700 mA 
that charges the battery to about 80 % of its capacity 
until the battery voltage reaches 6.75 V. Clearly if 
the load is ON, just the net difference between 700 mA 
and the load current is available to charge the battery. 
As a typical example, a battery saver can be used 
to supply a handheld phone from a car battery thus 
providing the current needed by the phone and 
maintaining, in the mean time, about 80% of the 
battery capacity. 

For utilization together with a 5 cell battery pack, the 
GSCC-7.007BS switch mode battery saver can be 
used. See the corresponding data sheet. 


. 3/8 
Lyf Scere, 


939 


ST systems for rechargeable batteries 


4. BATTERY CHARGERS 


The SGS-THOMSON battery chargers are high- 
quality systems particularly designed to charge 
NiCd and NiMH batteries (for Lead-Acid and Lith- 
ium-Jon. batteries, please consult SGS-THOM- 
SON). 

Proper charging is a key to success with any battery 
application since improper charging methodology 
can be detrimental to the battery life. Depending on 
the accuracy of this charging methodology, a NiCd 
or a NiMH battery can withstand more than 500 
recharging cycles (typically 1000 cycles) before 
being disposed off. 

The basic charging process consists in returning to 
the battery the electrons that were delivered during 
the discharge. 

In all the SGS-THOMSON battery chargers; the 
electrons are returned as a constant DC current of 
proper polarity and magnitude. 

While it could be desirable to reduce the time to 
completely recharge a battery by increasing the 
magnitude of the charging DC current, it must be 
clearly understood that the maximum charge rate 
is normally specified by the manufacturer for every 
specific battery type. 

Four different charge rates (expressed in terms of 
C) are defined in industry as shown in the Table 1. 


The C rate is the charging current in Amperes 
numerically equivalent to the capacity given in Ah. 
For example, a battery with a capacity C=1.2 Ah is 
charged at 1C if the charging current is1,2 A. 

The variety of different battery types (standard, 
quick, fast and each one with a different capacity 
C), the variety of available energy for charge (DC 
or AC), the variety of mechanical constraints and 
the variety of economical considerations do not 
allow the conception of a unique, universal and 
economic battery charger to be used under all the 
circumstances. 

Therefore SGS-THOMSON has developed a prod- 


uct strategy by a differentiated approach specific for 


each type of battery pack and for each customer. 
However SGS-THOMSON battery chargers share 
some common features as outlined in the following: 


- fast charge by a constant current to allow a 
perfect control of the current level. 


- constant current generation by a switch mode 
approach to allow very high efficiency i.e. reduc- 
tion of power dissipation and waste. 

- constant monitoring of charge status by micro- 
processors to allow the shortest charging time 

_ without reaching hazardous conditions of over- 
charge and so ensuring several hundreds re- 
charge cycles. 

- common software algorithm for NiCd and NiMH 
batteries to allow freedom to the user in the 
adoption of battery types. 

- continuous display of charge status by LEDs 
driven directly by microprocessors. 

- back up protection by timers to stop the fast 
charge even under anomalous conditions. 

- possibility to use the electronic system even 
when its battery is under charge. 

- stop of fast charge when the battery temperature 
is outside the allowed range (Tbatt <0°C or 
T batt >50°C) 

- charging current level adjusted according to the 
battery temperature (trickle mode is imposed if 
0° <Tbat <10°Cor40°C <Thbat <50°C 
). 


- sensing of the battery presence (if the battery is 
not connected to the charger, the output voltage 
of the charger is automatically switched off). 

- sensing of one or more default cells inside the 
battery pack (if this condition occurs the charger 
is switched off and the condition is signaled by 
LED status). 

- sensing of the maximum battery voltage to stop 
the charge in case of anomalous conditions 

- initial trickle charge followed by fast charge in 
case of deeply discharged batteries 


- minimum current drain (less than 100 pA) in 


case the charger is left connected to the battery 
even when it is not used. 


The a.m. features are performed by continuous 

monitoring of battery absolute voltage and battery 

voltage variation in time, of battery absolute tem- 

perature and battery temperature variation in time, 

of elapsed time. 

Depending on the type of available power source 

and on the application, the SGS- THOMSON bat- 

tery chargers can be grouped into four different 

categories: 

- in-car battery chargers (cigar lighter types): 
GSCC-8.507BC 

- wall-mount battery chargers (for mains plug) : 
GSAC-8.507AC 


- desk top battery chargers 


- incarbattery chargers with hands free operation 
(cradle types). 
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4.1 IN-CAR BATTERY CHARGERS (GSCC- 
8.507BC). 


These chargers can be used in a car when the 
battery pack consists of no more than 6 cells (either 
NiCd or NiMH). 


Figure 5. 


Washer Tip Version 


23 (091) 


EEE 


15 (0 59) 31 (1.22) 52 (205) 
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They are assembled into a cigar lighter package as 
shown in fig 5. 


Bicotor LED 


103 (4.08) 


Coiled cable (both versions) 


Red (+ Vout) 
Green (NTC) l 
Black (- Vout) 


100 (3 94) 


The package has been particularly designed to 
avoid mechanical interferences with other mechani- 
cal part of a car when the charger is inserted into 
the car cigar lighter plug. 

All the used materials are non flammable and UL 
recognized. 

Adual color LED is used to display different charge 
status or anomalous battery conditions by continu- 
ous or flashing green and red colors or both off so 
that five different messages can be sent to the user. 
ST can assist the customer in assigning the proper 


Total cable length 
(extension max): 
2000 (78.7) 


color (green or red) and condition (continuous or 
flashing or off) according to different battery status. 
For optimum charger performance, customers 
should specify the NTC type. These cigar lighter 
types retain all the feature common to ST battery 
chargers. 

This charger can deliver a maxim charge current of 
1A. The actual value depends on the battery charge 
status and temperature. Trickle charge is normally 
5% of the maximum fast charge current. 
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4.2 WALL MOUNT BATTERY CHARGERS 
(GSAC-8.507BC). 


~ These chargers can be used when the available 
energy source is the mains. 


Thanks to the adoption of a switch mode technol- 
ogy, these chargers are housed in a small and light 
package as shown in fig 6. 


Figure 6. Wall-Mount battery chargers (European and UK Versions). 


European Plug Version 


36 (1 42) 


2(007) 3 (0 12) 


92 (3 62) 


3 Wires 


+ Vout RED 
- Vout BLACK 
NTC Green 


Total cable length 
= 2000 (78 8) 


UK Plug Version 


2 (007) 3 (0 12) 


92 (3 62) 


15 (0 59) 
es 


98 
(039) 


The American and the Australian version of the 
input plug will be available in 1994. 

Adual color LED ts used to display different charge 
status or anomaly battery conditions by continuous 
or flashing green and red colors or both off so that 
five different messages can be sent to the user. 
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European View 


22.2 14 
(0 87) (055) 


ST can assist the customer in assigning the proper 
color (GREEN or RED) and condition (continuous 
or flashing) according to different battery status. For 
optimum charger performance, customers should 
specify the NTC type. The wall-mount types retain 
all the feature common to ST battery chargers. 
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4.3 DESKTOP BATTERY CHARGERS FOR 
HANDHELD PHONES. 


SGS-THOMSON design and manufacture many 
types of desktop battery chargers for handheld 
phones application. These chargers are designed 
under contracts for specific customers because no 
standardization exists for this type of application. 
These contracts are covered by NON DISCLO- 
SURE AGREEMENTS so that no mechanical infor- 
mation can be provided. 

Nevertheless the following information can be pro- 
vided here. 

Mechanically the Desk top chargers are divided into 
two groups: 


- Single slot desk top chargers. The phone is 

inserted inside this slot. Electrically the phone 
may be in OFF status, stand by or receiving 
mode. If the status of the phone is available on 
one or more phone pins, the desk top charger 
can accommodate the charging current to sup- 
ply the additional current requested by the 
phone without affecting the charging time for the 
battery. 
Upon request ST can provide an additional fea- 
ture to allow the charge of the battery and an 
additional power supply for the phone regardless 
of its status (OFF, stand-by, receiving or trans- 
mitting mode). ST Patent. 


DESK TOP CHARGERS (SINGLE OR DUAL SLOT) 
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- Dual slot desk top chargers. 
In these type of chargers the front slot is normally 
used to charge the battery that is directly con- 
nected to the phone while the rear slots is used 
to ‘charge a spare battery pack. 
ST can offer versions for simultaneous charging 
of the two battery packs or for sequential charg- 
ing: in this last case the charging priority is 
assigned to the front slot. 
In all the cases, ST use separate current gen- 
eration and overcharge detection by microproc- 
essors for each slot. 


The ST Desk Top chargers are normally powered 
by an external power supply: depending on the total 
power available by this external supply, the simul- 
taneous or sequential charge can be adopted. 


For simultaneous charge with a maximum current 
of 1 Aper slot, ST can provide the relevant external 
off line power supply. 


Alternatively ST may consider the inclusion of an 
AC-DC switch mode power supply inside the Desk 
top charger. 


As said previously, ST can deliver an AC-DC off-line 
power supply to be used in combination with dual 
or single slot desk top chargers. 


This off-line power supply is assembled into a wall 
mount package. See GS20AC-12 data sheet. 


ELECTRICAL CHARACTERISTICS (Tamb=25°C unless otherwise specified) 


: Output Voltage Determined by V 2 
. number of cells 
Output Current Vi = 12 to 22 V 1 A 3 
per slot 
n Efficiency Vi=12V 15 % 
lo = 0.7 Aper slot 
fs Switching frequency Vi = 12 V to 22 V 100 kHz 4 
any value for Vo and lo 
Top | Operating Ambient 35 °C 
Temperature 


Note 1: 
Note 2: 


The wide input voltage range allows the use of an unregulated external power supply. 


The output voltage depends on the number of cells in the battery pack and on the battery charge status. The reported maximum value 
is for a 6 cell battery pack. 


Note 3: The reported value i A) is the maximum charging current for a battery pack of 6 cell. For a higher number of cells, the max charging 


current must be scaled down accordingly. The real value of fast charge current depends on the actual type of battery. Trickle charge 
current is normally 5% of the maximum fast charge current. 


Note 4: For the dual slot version, the switching frequency is synchronized for the two slots to avoid frequency beats and interference. 
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4.4 IN CAR BATTERY CHARGERS WITH HANDS 
FREE OPERATION FOR HAND HELD PHONES 
(CRADLE TYPES). 


SGS-THOMSON design and manufacture cradle 
type battery chargers for in car hands free opera- 
tion. 

These products are so peculiar in their application 
(battery charge is just one of the several function 
performed) that no general description can be pro- 
vided here. 

Nevertheless it is worth to mention that the battery 
charge is performed along the same feature already 
described. 

Even if ST use a switch mode approach for constant 
current generation, no interference is induced on 
the phone (radiated or conducted noise). 


5. CONCLUSION 


The range of ST products devoted to battery charge 
is very broad and each product is designed specifi- 
cally according to customer requests. 

This note is intended as a general description of 
these products to outlight some specific (and in 
many case unique) feature of ST chargers. 

In this domain, the best results are obtained by a 
close cooperation between ST and the customers 
and ST is available to customize any type of appli- 
cation for any type of battery. 
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APPLICATION NOTE 


L3235 WITH EXTERNAL RINGING 


by L. Vergani, W Rossi 


This application note shows an easy way, adding few extemal components, to adapt the 
L3235 SLIC to operate together with electromechanical ringing relay and to perform 


RING/TRIP function. 


INTRODUCTION 


The SGS-THOMSON SLIC kit L3234/L3235 de- 
signed for PABX application and providing also 
the ringing generation function (L38234), can be 
easily used also in system where a standard ring- 
ing generator is already present and there are dif- 
ficulties in providing the 100V positive supply for 
the L3234 ringing injector. 


CIRCUIT IMPLEMENTATION 


Here below you can find a detailed description of 
the RING TRIP circuitry behavior and its dimen- 
sioning. 

For all other characteristics like DC, AC perform- 
ance, voice path, control interface and other de- 
tails, the application is the same as _ the 
L3234/L3235 KIT therefore please refer to the 


L3234/L3235 datasheet for more informations. 
Figure 1. 


CAC 100uF 
63V 


R1 
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cvss | cvB 
100nF 
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The different operating modes of the L8235 can 
be programmed through the digital interface 
based on two input pins SBY and RNG. 


When ringing mode is selected, through RNG and 
SBY control pins, the L3235 set CS pin to 1 acti- 
vating, the relay, with 1mA base current into Q1 
(max. CS current). 


In this condition the relay is activated and the 
ringing signal is connected to the line through RR 
and terminated to GND by RFT resistor. 


Dimensioning opportunely the resistors R2 and 
R3 and the capacitor CRT, connected to the base 
of the transistor Q2, it is possible to fix a DC level 
that will keep the transistor T2 in OFF condition 
when no DC current is flowing into the line (tele- 
phone in ON-HOOK condition). 


When the phone goes OFF-HOOK the negative 
voltage across ringing resistor force rapidly in 
conduction the transistor connected to the RTF 
pin, producing an OFF-HOOK DETECTION. 
Once OFF-HOOK is detected, the CS pin is auto- 
matically driven low by L3235, disconnecting the 
ring relay and therefore performing an AUTO 
RING TRIP function. 

The key component for good Ring Trip perform- 
ances is the CRT capacitor. 

It must have a proper value to reduce the ringing 
signal that appears on the resistor RT and there- 
fore on the base of Q2. 


2/2 


In particular it is important to avoid that the ripple 
on the Q2 base produces an false Ring Trip de- 
tection when an high ringing signal is used 
(90Vrms) and five phone are connected in parallel 
(GREN) with OQ line resistor and in particular 
when the value of RR and RT is 400Q (2X400). 


These are the worst condition that can produce 
an high ripple level on Q2 base, this effect can be 
prevented choosing an high value CRT. 


At the same time this capacitor can’t have a too 
high value otherwise the Ring Trip Detection Time 
will be too long in particular for long loops. 


In this application the CRT capacitor has been 
optimized in order to keep the Ring Trip Time al- 
ways lower than 100ms even with line resistor 
greater than 2KQ. 


The components value shown in fig.1 have been 
chosen in order to obtain the best compromise 
with the constraints above explaned. 


In the table below it is possible to observe the 
minimum value that the capacitor CRT must as- 
sume versus frequency for different RR/RT resis- 
tor and VRING up to 90Vrms. 
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PROD DEMONSTRATION BOARD 


PRCD demo-board is a conversational demon- 
stration and evaluation tool for the ST5432 PRCD 
chip produced by SGS-THOMSON Microelectron- 
ics. The board includes: 


- 2 S1T5432 PRCD device 


- 4 $1T5451 HDLC controllers for protocol han- 
dling. 

The line interface of each PRCD can be con- 
nected to two copper twisted pairs, one in trans- 
mit direction the other in receive direction. The 
Digital interface of the PRCDs can be connected 
to a test equipment, like BER measurement 
equipment. 


Digital and analog loops on board allow full func- 
tional transmissions and tests. 


The user interface with the board is performed by 


ea In ai ele oem ets, eee. ets, Saha ae. Wee en i rey sees em ee 
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an IBM personal computer or compatible. The 
connection with the PC can be done in two ways: 
- Serial link. In this case the board is controlled 
through a serial port of the PC, using a 
RS232 cable. 


- Plug-in. The board is inserted in an expansion 
slot of the PC. In this case you can perform 
file transfer between two PCs using two 
PRCD demo-boards connected through 
twisted pair cables. 

An interactive software inputs the commands 
from the user and displays results on the screen. 
A multi-level menu approach is used, to make 
easy the programming of the PRCD demo-board. 


Order code: PRCDDEMO 


exe 
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PAIR-GAIN DEMONSTRATION SYSTEM 


PAIR-GAIN SYSTEM (order code: PGAINDEMO) 
is a demo-tool developed by SGS-THOMSON 
Microelectronics basically for demonstration of 
functionality and performances of a complete 
pair gain system based on SGS-THOMSON 
products. 


The system is an ISDN application that links N.2 
subscribers to C.O. through a single twisted pair. 
An A/D and D/A conversion is done, at C.O. and 
Subscribers ends, on the signal transmitted and 
received respectively. 

The two 64KB/s B channels and the 16KB/s D 
‘channel of ISDN link provide two fully transparent 
telephone lines: B channels for phonic signal and 
D channel for signaling (ON/OFF-OOK, RING- 
ING, RING-TRIP, TELE-TAX). 


Analog>PCM and PCM>Analog conversions are 
performed by 1S5070 Combos, whereas 
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PCM>2B1Q and 2B1Q>PCM conversions are 
done by ST5410 U-Interface. 


Analog-Trunks using L3845 Trunk Interface and 
L3036 Slics are the analog interfaces to C.O. and 
Subscribers respectively. 

The control of the system is done by ST90E26. 


Pair gain system is composed by two sets of 
boards: 
Line Terminal (L.T.) set: 
U-Interface and Control board. 
N.2 Analog Trunk and COMBOII modules. 
Power Supply Board. 
Network Terminal (N.T.) set: 
U-Interface and control board. 
N.2 Slic and COMBOII modules. 
Power Supply Board, including Ringing and 
Tele-Tax signaling. 
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NETWORKS DEMONSTRATION BOARD 


The NETWORKS demonstration board is a con- 
versational demonstration and evaluation tool for 
the networks oriented circuits developed by SGS- 
THOMSON Microelectronics. 


The mother-board includes: 

- M3488 Digital Switching Matrix chip. 

- M34116 PCM Conference Call and Tone 
Generator chip. 

- Two slots for insertion of L8845 Analog Trunk 
modules. 

- Six slots for insertion of complete transmis- 
sion modules, each of them made of a pro- 
grammable codec/filter COMBOII associated 
with a full silicon SLIC to achieve the 
"BORSCHT" function. 

The 2-wire interface of each SLIC can be con- 
nected to a telephone set or to an appropriate 


test equipment. The PCM interface of the COM- 
BOs can be connected to a PCM test equipment. 
The on board M3488 DSM can perform channel 
connections, thus allowing real phone conversa- 
tions between two telephone sets through the 
corrisponding SLICs. 


The user interface with the board is performed by 
an IBM personal computer or compatible. An in- 
teractive software inputs the commands from the 
user and displays results on the screen. A multi- 
level menu approach is used, to make easy the 
programming of the NETWORKS board. 


Three operating modes can be selected: 


- Stand-alone. The board works as a PABX 
without PC interface for quick demonstra- 
tions. 


- Demo PABX. Computer show of a running 
PABX system, reporting the current status on 
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the PC screen. Basic PABX setting can be 
modified via PC 
- Debug mode. Via PC control each individual 
register of all devices can be accessed. 
Different configurations of the board are available. 
In addition a dedicated power supply (110V or 
220V option) will be included. 


Order code: NETWDEMO / X/nnn 


Example: 
In order to get one NETWORKS demonstration 
board fully equipped with L38037 modules and 
power supply for 220V MAIN, the order code 
should be: NETWDEMO/B/220. 

Additional SLIC and AT modules can be ordered 
apart: 

L3092/L3000N SLIC order code: L3O092EVAL 


: br atallaarig type of modules present on the — 3035 SLIC order code: L3035EVAL 
X=A: 2 Analog Trunk + 6 L3092/L3000N Inte. 18086 SLIC inal atoll Vcaeteeta chy Ae 

grated Ringing SLIC L3037 SLIC order code: L3037EVAL 
X=B: 2 Analog Trunk + 6 L3037 Monochip SLIC L3845 A.T. order code: L3845EVAL 
X=C: 2 Analog Trunk + 3 L3037 Monochip SLIC 

3 L3092/L3000N Integrated Ringing SLIC 
X=D: Mother-board only. (no modules provided) 
nnn=110: 110V Power Supply 
nnn=220: 220V Power Supply 
Ss Kj SGS:-THoMson 
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SLIC EVALUATION KIT 


This evaluation kit is arranged to make eas- Slics, supports the L3000N/L3030 Slic Kit as well. 


ier bench analysis and measurements on The SLIC MODULES today available are: 
SGS-THOMSON Microelectronics SLICs. 


A MOTHER BOARD provides the control and the  LS000N/L3030 order code: L3030EVAL 
connections to external instruments. The basic L3000N/L3092 order code: L3092EVAL 


version (order code SLICDEMOBOARD) supports L3035 order code: L3035EVAL 
L3035/6/7 Single Chip Slic and L38000N/L3092 L3036 order code: L3036EVAL 
Slic Kit. 


The version with Serial Control Interface (order L3037 order code: L3037EVAL 
code SLICDEMOB3030), in addition to the a.m. L3234/L3235 order code: L3235EVAL 
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SALES OFFICES 


EUROPE 


DENMARK 


2730 HERLEV 

Herlev Tory, 4 

Tel. (45-44) 94 85.33 
Telex 35411 

Telefax: (45-44) 948694 


FINLAND 


LOHJA SF-08150 
Ratakatu, 26 

Tel (358-12) 155 11 
Telefax (358-12) 155 66 


FRANCE 


94253 GENTILLY Cedex 
7 - avenue Gallien - BP. 93 
Tel (33-1) 47.40.75 75 
Telex: 632570 STMHQ 
Telefax. (33-1) 47.40.79.10 


67000 STRASBOURG 
20, Place des Halles 

Tel. (33-88) 75.50.66 
Telefax. (33-88) 22 29 32 


GERMANY 


85630 GRASBRUNN 
Bretonischer Ring 4 
Postfach 1122 

Tel - (49-89) 460060 
Telefax: (49-89) 4605454 
Teletex. 897107=STDISTR 


30695 HANNOVER 51 
Rotenburger Strasse 28A 
Tel. (49-511) 615960-3 
Teletex. 5118418 CSFBEH 
Telefax. (49-511) 6151243 


90491 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel : (49-911) 59893-0 
Telefax. (49-911) 5980701 


70489 STUTTGART 31 
Mittlerer Pfad 2-4 

Tel. (49-711) 13968-0 
Telefax (49-711) 8661427 


ITALY 


20090 ASSAGO (Ml) 

Vile Milanofiori - Strada 4 - Palazzo A/4/A 
Tel. (39-2) 57546.1 (10 linee) 

Telex: 330131 - 330141 SGSAGR 
Telefax: (39-2) 8250449 


40033 CASALECCHIO DI RENO (BO) 
Via R. Fucini, 12 

Tel (39-51) 591914 

Telex: 512442 

Telefax. (39-51) 591305 


00161 ROMA 

Via A. Torlonia, 15 

Tel (39-6) 8553960 
Telex: 620653 SGSATE | 
Telefax: (39-6) 85354438 


NETHERLANDS 


5652 AR EINDHOVEN 
Meerenakkerweg 1 

Tel : (381-40) 550015 
Telefax. (31-40) 528835 


SPAIN 


08004 BARCELONA 
Calle Gran Via Corts Catalanes, 322 


_ 6" Floor, 2” Door 


Tel. (34-3) 4251800 
Telefax (34-3) 4253674 


28027 MADRID 

Calle Albacete, 5 

Tel (34-1) 4051615 
Telex: 46033 TCCEE 
Telefax: (34-1) 4031134 


SWEDEN 


S-16421 KISTA 
Borgarfjordsgatan, 13 - Box 1094 
Tel. (46-8) 7936920 

Telex: 12078 THSWS 

Telefax. (46-8) 7504950 


SWITZERLAND 


1218 GRAND-SACONNEX (GENEVA) 
Chemin Francois-Lehmann, 18/A 

Tel. (41-22) 9292929 

Telex. 415493 STM CH 

Telefax: (41-22) 9292900 


UNITED KINGDOM and EIRE 


MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 

Tel : (44-628) 890800 
Telex. 847458 

Telefax (44-628) 890391 


AMERICAS 


BRAZIL 


05413 SAO PAULO 

R Henrique Schaumann 286-CJ33 
Tel (55-11) 883-5455 

Telex (391)11-37988 “UMBR BR” 
Telefax . (55-11) 282-2367 


CANADA 


NEPEAN ONTARIO K2H 9C4 
301 Moodie Drive Suite 307 
Tel.. (613) 829-9944 

Telefax: (613) 829-8998 


U.S.A. 


NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
55 Old Bedford Road 

Lincoln, MA 01773 

Tel.. (617) 259-0300 

Telefax (617) 259-4421 


ALABAMA 
Huntsville - Tel + (205) 533-5995 
Fax: (205) 533-9320 


ARIZONA 
Phoenix - Tel: (602) 867-6217 
Fax: (602) 867-6200 


CALIFORNIA 

SantaAna-_ Tel.: (714) 957-6018 
Fax: (714) 957-3281 

San Jose - Tel.. (408) 452-8585 
Fax. (452) 1549 

Scotts Valley- Tel (408) 439-2950 
Fax (408) 439-2969 


COLORADO 
Boulder - Tel : (303) 449-9000 
Fax (303) 449-9505 


FLORIDA 
Boca Raton - Tel.. (407) 997-7233 
Fax (407) 997-7554 


GEORGIA 
Norcross - Tel.. (404) 242-7444 
Fax (404) 368-9439 


ILLINOIS 
Schaumburg - Tel.. (708) 517-1890 
Fax. (708) 517-1899 


INDIANA 

Kokomo - Tel.: (317) 455-3500 
Fax. (317) 455-3400 

Indianapolis - Tel: (317) 575-5520 
Fax’ (317) 575-8211 


MICHIGAN 
Livonia- Tel: eB} 953-1700 
Fax: (313) 462-407 1 


MINNESOTA 
Bloomington - Te! . (612) 944-0098 
Fax (612) 944-0133 


NORTH CAROLINA 
Cary - Tel (919) 469-1311 
Fax (919) 469-4515 


NEW JERSEY 
Voorhees - Tel (609) 772-6222 
Fax: (609) 772-6037 


NEW YORK 
Poughkeepsie - Tel.: (914) 454-8813 
Fax: (914) 454-1320 


OREGON 
Lake Oswego - Tel : (503) 635-7650 


TENNESSEE 
Knoxville - Tel.: (615) 524-6239 


TEXAS 

Austin - Tel.. (512) 502-3020 
Fax: (512) 346-6260 

Carrollton - Tel: (214) 466-8844 
Fax: 13 466-8130 

Houston- Tel: (713) 376-9936 

Fax: (713) 376-9948 


FOR RF AND MICROWAVE 
POWER TRANSISTORS CON- 
TACT 

THE FOLLOWING REGIONAL 
OFFICE IN THE U.S.A. 


PENNSYLVANIA 
Montgomeryville - Tel. (215) 361-6400 
Fax: (215) 361-1293 


ASIA / PACIFIC 


AUSTRALIA 


NSW 2220 HURTSVILLE 
Suite 3, Level 7, Otis House 
43 Bridge Street 

Tel (61-2) 5803811 

Telefax. (61-2) 5806440 


VICTORIA 3168 NOTTING HILL 
11 Business Park Drive 

Tel (61-3) 558 9993 

Telefax (61-3) 558 9997 


CHINA 


SHANGHAI 200233 

1008-10 Astronartics Building 
222 Cao Xi Road 

Tel (021) 472-5415 

Telefax: (021) 472-6814 


SHENZHEN 

Flat J, 22/F 

38 Dungmen Nantlu 
PostalN 518-001 

Tel. (0755) 228-0035 
Telefax. (0755) 228-0035 


HONG KONG 


WANCHAI 

22nd Floor - Hopewell centie 
183 Queen’s Road East 

Tel (852) 8615788 

Telex 60955 ESGIES HX 
Telefax’ (852) 8656589 


INDIA 


NOIDA 201301 

Liaison Office 

PlotN 2&3, Sector 16A 
Institutional Area 

Tel (91-11) 893 0965/0970-1-2 
Telefax: (91-11) 893 0705/0687 


SALES OFFICES 


MALAYSIA 


SELANGOR, PETALING JAYA 46200 
Unit BM-10 

PJ Industrial Park 

Jalan Kemajuan 12/18 

Tel : (03) 758 1189 

Telefax: (03) 758 1179 


PULAU PINANG 10400 

Ath Floor - Suite 4-03 

Bangunan FOP-123D Jalan Anson 
Tel (04) 379735 

Telefax (04) 379816 


KOREA 


SEOUL 121 

8th floor Shinwon Building 
823-14, Yuksam-Dong 
Kang-Nam-Gu 

Tel (82-2) 553-0399 
Telex SGSKOR K29998 
Telefax: (82-2) 552-1051 


TAE-GU 

18th Floor Youngnam Tower 
111 Shinchun-3 Dong 
Tong-Ku 

Tel. (053) 756-9583 

Telefax. (053) 756-4463 


SINGAPORE 


SINGAPORE 2056 

28 Ang Mo Kio - Industrial Park 2 
Tel. (65) 4821411 

Telex. RS 55201 ESGIES 

Telefax (65) 4820240 


TAIWAN 


TAIPEI! 

11th Floor 

105, Section 2 Tun Hua South Road 
Tel. (886-2) 755-4111 

Telex: 10310 ESGIE TW 

Telefax (886-2) 755-4008 


THAILAND 


BANGKOK 10110 

54 Asoke Road 
Sukhumvit 21 

Tel * (662) 260 7870 
Telefax: (662) 260 7871 


JAPAN 


TOKYO 108 

Nissekt - Takanawa Bld. 4F 
2-18-10 Takanawa 
Minato-Ku 

Tel. (81-3) 3280-4121 
Telefax’ (81-3) 3280-4131 


OSAKA 532 

Shin-Osaka Dai 2 Mori Bldg 
3-5-36 Miyahara Yodogawa-Ku 
Tel (81-0) 6397-4130 

Telefax: (81-0) 6397-4131 


Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for the 
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No 
license is granted by implication or otherwise under any patent or patent rights of S@S-THOMSON Microelectronics. Specification mentioned 
in this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. 
SGS-THOMSON Microelectronics ire are not authorized for use as critical components in life support devices or systems without express 
written approval of SGS-THOMSON Microelectronics. 


© 1995 SGS-THOMSON Microelectronics — Printed in Italy — All Rights Reserved 
SGS-THOMSON Microelectronics GROUP OF COMPANIES 
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